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PREFACE 


Robert boyle, in the seventeenth century, said : “ It is 
highly dishonourable for a reasonable soul to live in so 
divinely built a mansion as the body she resides in alto- 
gether unacquainted with the exquisite structure of it”. 
This is no less true to-day, and for an acquaintance with the 
structure of our body a foundation of biology is essential. 

Moreover, our civilization is founded largely on biology. 
Hygiene, medicine, agriculture and the study of populations 
are biological sciences. It seems obvious, therefore, that 
biology should form a part of the education of the future 
citizen. Yet Great Britain is at present the only important 
country in Europe in which some biology is not taught to 
everyone at school. But the tide seems now to be turning, 
and the study of biology is being introduced every year 
into more and more schools. 

This book is designed to meet the need of such biological 
teaching. Examinations are an unfortunate necessity, and 
the book has been written in part to conform with the 
requirements of the School Certificate Examination, and of 
Biology as a Subsidiary Subject in the Higher Certificate. 
All the animals and plants mentioned in the various sylla- 
buses for the School Certificate have been dealt with. But 
it is hoped that the book may also provide a readable out- 
line of biology for those of more mature years who are not 
studying for any examination. 

There are different ways of creating an interest in biology. 
Some teachers think that it is best to begin with the most 
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familiar animal, man. Boys and girls are interested in their 
own bodies and how they work. Others would excite the 
student by the unfamiliar. Amoeba and the strange world 
of the microscope may be taken first. Many young people 
commence studying nature on their own account. I myself, 
for example, kept aquaria at Brighton with marine animals 
in them, and dug fossils out of the chalk pits in the Sussex 
downs. My literature was Philip Gosse and Lyell, and later 
Huxley and Haeckel. When natural history is already a 
hobby it does not matter where we begin to teach the 
science. The interest is already there. In this book I have 
chosen the way of starting with man and of ending with 
fossils, going through the range of animals and plants be- 
tween these extremes. 

The different School Certificate syllabuses vary con- 
siderably in the particular plants and animals recom- 
mended for study. This book has been written so that in a 
number of cases alternative types are described. The teacher 
can leave out parts of the book as he thinks fit. Thus, either 
the cockroach or the crayfish, either the liverwort or the 
moss, may be taught. Omitting one or the other does not 
interrupt the argument running through the book. 

I have introduced certain aspects of biology which do not 
come into any of the examination syllabuses. At the 
discretion of the teacher they may be omitted. But in my 
opinion there are certain newer aspects of the science 
which are now on a sufficiently sure footing to be profitably 
taught in an introduction to biology. Among these are 
growth and development, tissue culture, internal secretions, 
and present-day views of instinct and intelligence. 

The last two chapters are on Evolution and on The 
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History of Biology. Evolution is the main idea behind 
the science of biology. It affects the whole modem out- 
look on the world, and without an understanding of the 
evolutionary point of view biology is meaningless. It is 
equally impossible to have a true perspective of the science 
without knowing in outline how it has gradually developed 
and advanced in the course of human history. 

A word must be added on the method of teaching. Great 
pains have been taken to reduce the number of technical 
terms to a minimum. Many such terms which are often 
taught to beginners are a useless burden on the memory. 
And, throughout, stress is laid on the practical side. Wher- 
ever possible, animals and plants should be examined and 
studied by the students themselves. Dissections should be 
made and experiments set up by the teachers and shown to 
the pupils. The importance of field work is too obvious to be 
stressed. Animals and plants must be seen in their natural 
habitats. And the establishment of aquaria is very 
desirable. In an aquarium you have a small enclosed 
environment where the balance of nature can be appre- 
ciated. The instructions at the end of each chapter are 
addressed to the teachers. Practical work with marine 
organisms has been omitted, since so many schools are 
remote from the sea. But those more fortunately placed in 
this respect can easily adapt or supplement their practical 
work, making use of life on the sea shore. 

In conclusion, I wish sincerely to thank a number of 
friends who have helped me in the preparation of the book. 
Mr J. W. Stork has placed at my disposal his valuable ex- 
perience of different ways of teaching biology. Mr C.«G. C. 
Chesters has greatly helped me by reading the proofs 
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of the botanical chapters. Dr R. Wurmser and Mr H. G. 
Newth have rendered me like services with Chapters ii and 
XX respectively. In writing the last chapter I have made 
use of Dr Charles Singer’s excellent book, A Short History 
of Biology, Prof. E. R. Dodds has been good enough to assist 
me with the Appendix. The following ladies and gentle- 
men have very kindly given me photographs to reproduce 
as plates: Dr R. G. Canti, Mr C. G. C. Chesters, Mr J. 
Gray, F.R.S., Dr Bierens de Haan, Prof. L. T. Hogben, Prof. 
D. Keilin, F.R.S., Dr W. Leach, Mr J. F. Marshall, Mr F. G. 
Spear, Miss E. M. Stephenson, Prof. F. Vies, and Mr D. P. 
Wilson. 


PREFACE TO SECOND EDITION 

Apart from minor alterations to the text, the principal 
changes are the following. The sections on soil and on the 
behaviour of bees have been partly re-written in the light 
of recent knowledge. Notes on the culture of Hydra and 
on a method of sectioning animals have been added to 
p. 125. The lettering has been simplified in a number of the 
illustrations, and an addition has been made to Fig. 10. 
Appendices have been added on fruits, on the classification 
of animals and plants, and on the preparation of permanent 
mounts for microscopical examination. I wish to thank 
Mr C. G. C. Chesters, Mr H. G. Newth and Dr W. Leach for 
help in the revision. h. m. f. 

July 1934 
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CHAPTER I 


LIFE AND ENERCxY 

Biology is the science ol* life. It is the study of life in 
man, in other animals and in plants. The branch of biology 
dealing with animals is called zoology. Botany is the part 
of biology which deals with plants. Strictly speaking, human 
history, too, is included in biology. For many of the main 
truths which the science of biology has made clear apply 
to man, and the past history of the human race is closely 
linked up with that of animals. 

Living things are all either animals or plants, and there 
is not so much difference between the two as appears at 
first sight. Man himself is an animal, and so too are dogs, 
frogs, lishes, snails, insects, worms, jelly-fish and otlier 
STiiallcr creatures which are invisible to the naked eye. 
Familiar plants arc trees, buttercups, grasses, ferns, mosses 
and seaweeds. But green pond -scums and moulds are also 
plants, as so. too, are microbes or bacteria. 

Energy. We all know that one of the most obvious 
signs of life is movement. Animals walk, or fly, or swim. 
Yet it is not only animals that mov(‘. Plants move too. 
Many (lowers, for instance, close at night (Fig. 1 and 
Exp. 1), and there are leaves whicli move so that their 
parts are at different angles to one another at night and in 
the daytime. Clover leaves beliave in this way (Exp. 2). 
A second characteristic of life in all plants and animals is 
growth. Now, the accomplishment of these two signs of life, 
movement and growtli, requires the expenditure of energy^ 
and we shall start by looking into the question of where 
living things get their energy and how they use it. 

Energy, we are taught by physics, is that wliich^does 
work. Compressed steam possesses energy, and it does work 
in forcing a piston down a cylinder and so driving an engine. 
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Likewise the human body possesses energy which does work 
in walking — or merely in talking. 

Energy exists in two forms. These are called potential and 
kinetic. Potential energy is a store of energy that can do 
work; kinetic energy actually does w^ork. The one kind 




Fi^. 1. Flowers which close at night and open 
in the daytime, (li. II, Yapp.) 


can be changed into the* other and vice versa. When th(‘ 
spark flashes in the (cylinder of a motor-ear, the ])otential 
energy of petrol vapour plus air is changed into kinetic 
energy which do(\s work. If you lift a weight from tlic floor 
on to the table, you do work, that is you expend kinetic 
energy. This energy is stored as potential energy in the 
raised weight. If the weight is allowed to fall again, its 
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potential is turned into kinetic 
energy in falling. By some 
arrangement of strings and 
pulleys this kinetic energy 
could be made to do work. An 
animal or a plant contains 
potential energy, which, inside 
the body, can be turned into 
kinetic energy and so do w'ork. 

Energy shows itself in a num- 
ber of different states which are 
familiar to all of us. It may 
be meelianical energy, such as 
walking or the movement of 
an engine. It may be heat 
energy, or light, or electricity. 
Or again, energy may be 
chemical. We saw a ease of 
chemical energy in the petrol 
vapour. And it is a store of 
chtmical energy in ourselves 
that makes us move. 

Movement is mechanical 
energy, and living tilings set 
free energy in this form. But 
not only in this form. It may 
also be freed as heat energy. 
Our bodies are warm, the bodies 
of insects warm up as they lly, 
and even plants produce heat. 
The steaming of a dung heap 
is due to microbes, and grow- 
ing peas set energy free as 
heat (Exp. 3). And more than 
this, some creatures give out 
energy as light. The glow-w^orm 
is a case in point, and also the 



3 


1*2 


Pig. 2. Deep sea fish that produces light. The white spot behind the eye and the line 
of spots along the fish's side glow with light. 



LIFE AND ENERGY 

light often vSeen at the surface of the sea. This is sometimes 
wrongly called “phosphorescence”, but it is really caused 
by small living creatures, and has nothing to do with 
phosphorus. Some deep-sea fishes have patches along their 
bodies glowing witli light like the portholes of a liner 
(Fig. 2). Electrical energy may also appear. The torpedo 
is a fish that electrocutes its enemies. 

Food. In animals the supply of energy enters the body 
in the food which is eaten. Food is made up of chemical 
compounds which contain in them a supply of potential 
energy. Inside our bodies this energy is turned into kinetic 
energy, and with this change work is done, for exam])le by 
muscles. The energy in petrol vapour is set free in a motor, 
and likewise the energy in food is liberated in the body. 

But this is not the only reason why we cat. There are two 
reasons why living things require food. One is to provide 
energy. The other is to supply the raw materials for growth 
and repair. 

The food of animals is composed in part of very compli- 
cated chemical compounds. But all the food-substances 
can be put under a small number of headings. 

( 1 ) Carbohydrates are the first group. These are compounds 
which contain the elements carbon, hydrogen and oxygen 
combined together in a particular way. Sugar is one of 
them, but perhaps the most abundant is starch. Tins is 
contained in very many of our foods. It forms the bulk 
of potatoes and bread. Cellulose is another carbohydrate 
which is abundant in plants, 

(2) Fats also are made up of carbon, hydrogen and oxygen, 
combined in a different way. Butter and the fat of meat 
are examples. Vegetable and animal oils, too, belong to this 
class. Such are olive oil and cod -liver oil. 

(3) Proteins are the most complicated compounds in food. 
The elements carbon, hydrogen, oxygen, and in addition 
nitrogen, are here combined to form huge molecules. The 
molecular weight of one of them, 70,000, will show you how 
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big the molecules are, when you think that the molecular 
weight of carbon dioxide is only 44 and that of water 18. 
Proteins are present in all plants and animals, so that they 
are contained in all foods of man and animals. They are 
especially abundant in meat. 

(4) Vitamines form another group of food substances. 
They arc needed in very small amounts, but we cannot do 
without them. 

(5) Certain salts, too, are necessary. They furnish sodium, 
-potassium, calcium, magnesium, chlorine, sulphur and 
phosphorus, all of which form part of the living substance. 
In addition small amounts of compounds containing iron 
and copper are essential. 

(6) Finally, water, as we all know, must be drunk. Not 
only is it needed for blood, but also to build the rest of the 
living substance of the body, which is made up largely of 
water with proteins, carbohydrates, salts and other com- 
pounds dissolved in it. 

Digestion. The food which animals such as man or 
a frog eat passes through the mouth into a tube called the 
alimentary canal or gut (Exp. 4). The alimentary canal 
includes the stomach and the intestine. Water and salts can 
pass through the wall of this canal into the blood. But the 
other classes of foods will not pass through until they have 
first been changed. The change consists in the breaking 
down of their large molecules into smaller molecules which 
are more soluble in water. 

This change which the food undergoes in the alimentary 
canal is called digestion. Digestion is brought about by 
certain chemical substances in solution. The solutions are 
poured on to the food in various parts of the alimentary 
canal. 

Digestion begins in the mouth, where the digestive liquid 
is called saliva. It goes on in the stomach (Fig. 3) with the 
help of a solution known as gastric juice. Digestion con- 
tinues in the next part of the alimentary canal, the intestine, 
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which is a coiled tube. Thi.s is the longest part of the alimen- 
tary canal. The human intestine, when straightened out, 
measures nine yards in length. 



Fig. 3. Diagrams of the principal internal organs of man. A, side 
view; B, front view. In A, liver and pancreas are omitted; in B, heart 
and kidney are omitted, an. anus; Ap. appendix ; b. breast bone ; bl. 
bladder; br. brain ; d. diaphragm ; g. gullet; Gli. gall bladder; h. heart; 
i. intestine; k. kidney; L, liver; Lfi. larynx (Adam’s apfde); LI. large 
intestine; l.l. left lung; pal. palate; P«//. pancreas; /£L. right lung; 
.V. stomach; s.c. spinal cord; *S7. small intestine; to. tongue; tr. trachea 
(windpipe); v. vertebrae. 

The food is forced along the alimentary canal by its wall 
becoming pinched and these pinches passing along tJie 
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canal away from the mouth end. The process is called peri- 
stalsis (Exp. 5). In the same way you could force water 
along a rubber tube by pinching it and sliding your fingers 
along. Those parts of the food which cannot be digested are 
passed out as faeces through the anus. 

Enzymes. The substances in solution which bring 
about digestion are known as enzymes (or ferments). En- 
zymes belong to a class of substances which the chemist 
calls catalysis. The peculiarity of catalysts is that they cause 
(chemical substances to react together which would not 
otherwise do so or would only do so extremely slowly. For 
example, oxygen and hydrogen mixed together do not 
(lombine. But if they are mixed in the presence of platinum 
in a very finely divided state known as platinum black, 
tlien they combine to form water. Platinum black is a 
catalyst. Enzymes are peculiar catalysts formed by living 
matter. For instance, an enzyme called ptyalin is in solution 
in the saliva in the mouth. It causes starch in food to change 
to sugar (Exp. 6). Another enzyme is pepsin in the gastric 
juice. This breaks down the protein molecules. 

Here we see the first of the peculiarities of enzymes : ( 1 ) each 
of tliem does just one thing. Ptyalin acts on starch alone 
among the food substances. Pepsin works on proteins 
only. Two other specialities of enzymes arc that (2) they 
act best at ii certain temperature, and that (3) they are 
destroyed by heat (Exp. 7). Again, (4) very small quantities 
of enzymes cause large amounts of chemical change. Pepsin 
will digest half a million times its own weight of protein. 
Yet another peculiarity is that (5) a certain definite degree 
of acidity or alkalinity of the solution is necessary for each 
different enzyme. Saliva is alkaline and ptyalin acts best in 
an alkaline solution (Exp. 8). The stomach produces hydro- 
chloric acid and pepsin works best in an acid liquid (Exp. 9), 

Results of digestion. Digestion is not finished 
ill the mouth and stomach. The food passes on into the 
intestine for further treatment. It has to be made soluble 
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in water. Only after tliat will it be absorbed (taken in) 
tJirough the intestine walls into the blood. 

Starch, as you know, is turned into sugar by the saliva, 
and in addition we eat sugar itself. This sugar, which we put 
in tea, is called by the chemist cane-sugar. It is only one of 
various sugars. But cane-sugar, although soluble in water, 
cannot pass through the wall of the intestine into the blood. 
Before this can happen it must be changed by anotlier 
enzyme into a simpler sugar, glucose.'^ Tlie glucose in 
solution in water is then absorbed through the intestine 
walls into the blood. The sugar into which starch is finally 
turned (by an enzyme in the intestine) before absorj^tion 
tiirough the wall of the intestine is also glucose*. 

The digestion of proteins begins in the stomach, when* 
pepsin acts on them. It is finished in the intestine. For this 
purpose an enzyme called trfjpsin is formi'd in the pancreas 
(Fig. 3, 15), an organ whitth you can see in tJie dissected frog. 
In solution trypsin ilows from the pancreas intotheintestine, 
and the proteins are again attacked. Trypsin acts only in an 
alkaline liquid. The breakdown of proteins is finished in the 
intestine by a third enzyme which finally turns these very 
complicated molecules into nuu*h simpler ones known as 
amifw-acid^. Like glucose, tlie amino-acids go through the 
intestine wall into the blood stream in solution in water. 
Fats, too, are digested by yet another special enzyme. 

Fate of digested food. The digested food is 
carried away from the intestine by the blood. It goes first 
to the liver. Here it undergoes further chemical changes, 
and then it is dispatched in the blood all over the body. 
When it lias arrived at its destination in the living flesh, 
nearly all of the food is used for energy liberation. The 
greater part of the end-products of digestion of the three 
chief classes of foods, carbohydrates, fats and proteins, 
shares this fate. 

We can compare the living organism to a machine. The 

' The formula of cane-sugar is Tliat of glucose is 
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portion of the food used for liberating energy is the fuel of 
the machine. But the working parts of the machine must 
be constructed. So, in a growing animal or plant, part of 
the food, a much smaller part than that used for fuel, is 
employed for growth. Amino-acid molecules from the 
digested food arc combined together again to form protein 
molecules, whic'h are an essential part of living matter. 
Glucose, fats and salts are likewise needed for growth. 
Notice, however, the enormous difference between the 
living machine and a dead one. This latter is constructed 
by adding part to part. A crystal, too, grows by fresh 
molecules attaeliing themselves in regular arrangement 
outside those there already. But living substance grows 
by internal additions and rearrangement. 

Now, a machiru^ gradually wears out. So also does living 
material. In it there is a continual wear, a breakdown of 
(‘.omplex molecules of }>roteins and other substances. These 
have all the time to be niplaced. So even in an animal that 
is no longer growing, part of the food is always used for 
rej)air of wear and tear. The great biologist, Thomas Henry 
Huxley, com])ared living matter to a M'hirlpool. Energy and 
matter are continually streaming in and streaming out, but 
for a time the form remains the same. 

In addition to the absorbed food used for energy r(‘lease, 
growth and r(‘pair, ])art of tb(‘ carbohydrate and fat is 
stored as a reserve, (ilucosc is turned into a form of stanrlx 
called glycogen and stored in li v(t and muscles, to be changed 
ba<*k into glucose when needed. Fat is stored under the 
skin in ourselves, and in the frog's body cavity (Exp. 4). 

Summary. Digestion of food changes proteins into 
amino-acids, and starch and cane-sugar into glucose. 
Amino-acids, glucose, fats, salts and water are absorbed 
from the gut into the blood. This absorbed food is then 
used (1) for energy liberation, (2) to build up living 
substance during growth, (3) to repair breakdown of 
living substance, and (4) some fat and glycogen is stored 
for further use. 
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PRACTICAL WORK 

Careful drawings must be made of everything that is examined. 

Exp, 1. Examine the “sleep-movements'’ of flowers such as 
the daisy or tulip. 

Exp, 2. Put a clover plant into darkness. After an hour or so 
the leaves will have folded down. 

Exp, 3. A thermometer shows that the temperature of sprout- 
ing seeds is higher than that of the surroundings. 

Exp, 4. A frog, dissected to show the alimentary canal, 
should be exhibited to the class. 

Exp, 5. Peristalsis can be seen very clearly through the 
transparent body wall of the larva of a fly. Purchase blow- 
fly larvae from a fish- bait shop. Hold a larva still in a com- 
pressoriurn and examine it with a low power of the microscope 
(one-inch objective). 

Exp, 6. Prepare a solution of starch by making a paste with 
cold water and pouring hot water on to this. Take some in a 
test-tube and add a drop of a solution of iodine in potassium 
iodide. A blue colour appears. This is a test for starch. Add 
some of your own saliva. The blue colour gradually disappears 
as the starch is digested to sugar by the ptyalin in the saliva. 

Exp, 7, Repeat Exp, 0, but after adding the saliva bring the 
mixed solution to the boil and cool it again. 

Exp, 8. Test some saliva with litmus. 

Exp, 9. Demonstration of the action of pepsin. Scrapings 
from the wall of a frog’s stomach are mixed with water. Hydro- 
chloric acid (0-5 per cent.) is added and then small cul)es of the 
white of a hard-boiled egg are put into the solution. A crystal 
of thymol is added to prevent putrefaction. The test-tube is put 
in a warm place. Next day the egg-white (i)rotcin) is partly 
digested. It can further be shown that no digestion takes place 
if the solution is neutral or alkaline, or if it has previously been 
boiled. 
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RESPIRATION 

Energy liberation. How is the energy of food set 
free in the body? How is the potential energy which is 
bound uj) in the products of digestion liberated to do work, 
for example by causing muscles to contract? 

Some chemical compounds contain a lot of energy, others 
contain less. When compounds of the first kind change 
into compounds of the second kind, energy is freed. This is 
what happens when petrol combines with oxygen in the 
motor-<‘ar cylinder. The spark merely heats the gases to a 
temperature at w^hich they will combine. The gases re- 
sulting from the combination of oxygen with petrol vapour 
contain less (energy than the latter did. The energy has 
been freed, and it does work in moving the piston. 

Muscular wouic. For the working of muscles the 
energy source is a compound of phosphoric acid with a base. 
This compound is contained in the muscles. As energy is 
reejuired for a muscle to contract and so to do work, the 
compound in question is split into phosphoric! acid and the 
base. The molecules of phosphoric acid and of the base have 
a smallcT energy content than the molecules of the original 
compound. Thus, in the chemical change, energy is set free. 

After the chemical change just described has been com- 
pleted, the pliosphoric acid and the base re-combine again 
to form the original compound. But, as you now know, 
the latter contains more energy than its constituents do. 
Therefore, for its re-formation, energy must be supplied 
from somewhere. The necessary energy is furnished by a 
second chemical reaction in the muscle, namely, by the 
change of the carbohydrate glucose into lactic acid. 

You will remember that the blood brings glucose 
to the muscles, where it is changed into glycogen and 
temporarily stored in this form (p. 9). Glucose has a 
greater energy content than lactic acid. Therefore, in the 
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change from the former into the latter, energy is set free. 
This energy is used to re-combine phosphoric acid with the 
base spoken of abovT\ 

These energy changes may be compared with those which 
take place in an electric accumulator. By a chemical 
reaction energy is freed, appearing in the case of the 
accumulator as electrical energy. For the run-down 
accumulator to be re-charged, energy must be supplied. A 
current is sent through the accumulator. The electrical 
energy thus supplied is used to rc-combinc the chemical 
compounds in the accumulator. Muscle is re-charged with 
chemical energy, not by an electric current, but by energy 
derived from another chemical reaction, namely the change 
of glucose into lactic acid. 

Respiration. This is not yet the whole story of that 
complicated machine, a muscle. After the glucose has 
turned into lactic acid, the latter is not thrown away: at 
least, all of it is not thrown away. Part (foiir-lifths) oi’ the 
lactic acid is changed back once more into glucose. Ob- 
viously, energy is needed for this to liappen, since glucose 
contains more energy than lactic acid. This time th(i energy 
is provided by the oxidation of part (one-fifth) of the lactic 
acid. By combining with oxygen, one-hfth of the lactic 
acid is oxidized to carbon dioxide and water. Energy 
liberated in this oxidation brings about the transformation 
of the remainder of the lactic acid into glucose once more. 

Oxygen, then, is necessary for the working of the body. 
It is needed to oxidize lactic acid. We obtain the oxygen 
by breathing. Air contains 21 per cent, of oxygen. We take 
air into our lungs (Fig. 3), and there some of the oxygen 
goes into the blood. The blood stream carries this oxygen to 
all parts of the body, where it oxidizes various substances, 
including lactic acid. The resulting carbon dioxide comes 
back in solution in the blood to the lungs. We breathe out 
this carbon dioxide (Exp. 1). Our outgoing breath has in 
it only 17 per cent, instead of 21 per cent, of oxygen, but 
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it contains 3 per cent, of carbon dioxide in place of 0*03 
per cent, wiiieh is normally present in air. 

This oxidation of lactic^ acid in the muscles, and the 
oxidation of other chemical compounds in the body, is 
known as respiration. The word ‘ respiration” means not 
only the oxidations just spoken of. It includes also breathing 
movements, the exchange of oxygen and carbon dioxide 
between air and blood in the lungs, and the transport of 
these gases round the body by the blood stream. 

A man, a dog or a bird makes breathing movements to 
take in oxygen to the lungs and get rid of the carbon 
dioxide. Hut there are other animals which do this without 
such complications. A worm, for instance, exchanges these 
gases with the air all over the surface of its body (Exp. 2). 
So, too, a plant (Exp. 3). Fishes have to use oxygen which 
is dissolved in the water around them. They take it into 
their blood at the gills. 

Engines. Muscle has sometimes been compared with 
a steam engine. In both, energy is liberated to do work, and 
in both this energy liberation involves an oxidation. In the 
engine coal is burnt, that is to say, carbon is oxidized to 
carbon dioxide. In the body lactic acid is oxidized, with a 
resulting production of carbon dioxide. But in the engine 
the chemical energy is transformed into heat, which then 
changes water into steam. In the animal body chemical 
energy is used directly to “re-charge the accumulator”, 
turning lactic acid into glucose so that this glucose may 
later on break down again to lactic acid and furnish the energy 
to re-form tlie energy-containing plK)sphorus compound. 

It is true that when tJie phosphorus compound breaks 
down into phosphoric acid and the base, besides the energy 
liberated for muscular work, some energy appears as heat. 
It is tme also tliat whtai glucose changes to lactic acid, 
in addition to the chemic^al energy freed to re-form the 
phos]:)liorus com])ound, some energy appears as heat. And 
likewise, when lactic acid is oxidized, heat is liberated in 
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addition to the chemical energy which goes to convert the 
remainder of the lactic acid back into glucose. For this 
reason our bodies are warm. The human body, however, is 
not a heat engine like the locomotive. Heat energy makes 
the locomotive work. But chemical energy makes our 
muscles work, while at the same time some heat is in- 
cidentally produced. 

Fatigue. You know now that lactic acid is continually 
being produced in muscles wdiich are working. By oxidation 
of part of this lactic acid the remainder is re-formed into 
glucose. But, if insufficient oxygen g(‘ts to the muscles, 
the lactic acid will accumulate. 

If it does accumulate, the muscles work less and less well. 
They become fatigued. It is clear, then, tliat the blood 
circulation must bring enough oxygen to the muscles if 
there is to be no fatigue. Now, there is a limit to the 
amount of oxygen which the blood can ferry. If you ask 
too much of your muscles they do become fatigued. This 
is the result when you take too violent exercise. Lactic acid 
piles up in the muscles and fatigue sets in. The muscles, 
however, can go on w^orking uj> to a point, even if the 
blood cannot supply all their oxygen requirements. This 
is what happens if you run a race. After the race is over 
you pant. In panting you are supplying more than tlie 
usual quantity of oxygen to your blood. Tins extra oxygen 
goes round the body and gradually oxidizes the surplus 
lactic acid. When all this accumulated lactic acid is gone 
you will breathe normally again. 

Conservation of energy. The energy liber- 
ated in the body is used in part, as you have seen, to do 
work, that is, to move, to grow, to repair. And in addition, 
part of the energy appears as heat. Now, we know from 
physics that energy cannot be destroyed. When one kind of 
energy changes into another kind none is lost and none is 
gained. This is what is called the conservation of energy. A 
certain mass of chemical substances which combine and 
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libcnite energy always set free a very definite quantity of 
energy wliicli will do a definite amount of work — no more, 
no less. Or a certain definite amount of energy may be 
freed as heat. No energy is gained or lost. 

Last century an extremely important discovery was made 
about the working of our bodies. It was found that just 
as the conservation of energy is true for chemical reactions 
and for machinc^s, so, too, it holds for living things. This is 
how it was first found out. 

A dog was kept in a special kind of cage. Its food was all 
weighed. An equal amount of the same food was burnt, all 
of its potential e nergy being thus turned into heat energy. 
This heat was measured. Thus the amount of energy was 
known which went into the dog in its food. For exercise the 
dog turned a sort- of treadmill, so that the muscular work it 
did could be measured. This was done by putting a brake 
on the wlieel so that all the energy was turned into heat, 
which was then measured. Energy set free as heat by the 
dog's body was absorbed and measured, and unused poten- 
tial energy of the food was found by burning the dog’s faeces. 
The amount of energy going into and coming out from the 
dog’s body w^as thus known. So a balance sheet was made iq). 
The result of the experiment was to prove that tlie potential 
energy of tlu' food, minus that of the faeces, is equal to the 
mechaniejil energy jiroduced plus the heat formed in the 
dog's body. And this is true, too, of ourselves and of all 
living organisms. The conservation of energy holds. No 
energy is produced in life from any mysterious source. 

PRACTICAL WORK 

Exp, I. Blow through lime water. The carbon dioxide in the 
breath turns calcium hydroxide into calcium carbonate, which is 
visible as a milky precipitate. 

Exp, 2. See Fig. 4. The carbon dioxide given off by the worm 
is absorbed by the potash in c. Owing to this, and to the 
absorption of oxygen by the worm, the pressure of gas 
falls in a, and consequently the coloured liquid rises in the 
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manometer d. This measures the oxygen consumption. The 
external vessel of water,/, keeps the temperature constant. It 
is necessary because the rate of respiration, like that of all 



Fig. 4. Apparatus for rneasuring ihe oxygen consumption of a wormy or 
other small organism (Exp. 2). a, large specimen tube cut short and 
titt(Mi with a rubber bung. A worm is put in this tube at 6; c, small 
specimen tube cut short, containing cotton wool soaked in 5 per cent, 
potash solution and closed by gauze held on with a rubber band; 
dj manometer with paper scale; c, glass tube closed by screw clip on 
|)ressure tubing;/, water in battery jar; g, retort stand. 

chemical processes, varies with temperature. This can easily be 
shown by repeating the experiment at dilferent temperatures. 

Exp. 3. A taper is extinguished when plunged into a jar in the 
bottom of which seeds are sprouting. 
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BLOOD 

The nature of bloo(i has been hinted at several times al- 
ready. It is a liquid that circulates in channels, or blood 
vessels, round the body. The movement is caused by a 
rather eom])Iieated pump, the lu^art. 

Arteries and veins. From the heart the blood 
passes into large ctliaimels known as arteries. These branch 
and divide and divide again 
into smaller and smaller ar- 
teries, so that blood is driven 
by the heart to all parts of the 
body. Finally the brandies 
become so small that they can- 
not be seen with the naked eye. 

Tliese smallest channels are 
called capillaries (Fig. 5). They 
run through every corner of 
the body. 

The capillaries not only 
branch many times but the 
branches join with one another 
so that a network of very small 
tubes is formed. As the blood 
stream passes through this 
ca}iillary network in every part 
of the body, the cajiillarics run together to form bigger and 
bigger channels. Finally these vessels get so big that, like 
arteries, they are once mon* visible to the naked eye. These 
are the veins. They run back towards the heart. In this 
way the closed circuit of the blood stream is completed. 

The heart. What is the exact course of the blood 
round the different parts of the body? Fig. 6 shows that 
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Fitj. 5. Blood capillaries. The 
arrows show liow blood arrives 
in asiiiall artery, passes throu<yh 
a network of capillary blood 
vessels and leaves in a small 
vein. The round objects in the 
capillaries are blood corpuscles. 







THE HEART 


the heart is made up of a right and left half. It really con- 
sists of two pumps, on the right- and left-hand sides, which 
have no communication with one another. 

Blood flows into the heart from all over the body 
through the veins that lead into its right front part. This 
is called the right auricle. When it is full of blood it con- 
tracts. That is to say, its walls tighten like the rubber bulb 
of a motor horn squashed by the hand. This forces the blood 
that is in this right auricle into the next chamber, the right 
ventricle. Immediately this is full of blood it contracts in 
its turn. The result is that the blood from the right ven- 
tricle is forced into two arteries. These are called the 
pulmonary arteries, and they lead straight to the two lungs. 

But here a question will at once be asked. When the 
auricle wall contracts, why does the blood in the auricle 
all go into the ventricle and none of it back again into the 
veins? When in turn the ventricle contracts, why does the 
blood go into the pulmonary arteries? Why does it not 
return into the auricle? The answer is that at the junction of 
veins with auricle, and of auricle with ventricle, there are 
valves. These are flaps which prevent the blood from going 
the wrong way. For example, when the auricle contracts, 
the flaps close the road back into the veins, but the vah^s 
at the entrance from auricle to ventricle allow the blood to 
go that way. 

The l u n g s . Blood from the right ventricle goes via the 
pulmonary arteries into the lungs. Each pulmonary artery 
divides and divides again into innumerable capillaries in the 
lung. The lungs consist of thousands of little air passages. 
The air we breathe in passes down the trachea (Fig. 3), or 
windpipe, into those air passages. The latter end in blind 
alleys, the air sacs. On all the walls of these air sacs are the 
capillary blood vessels. So the blood comes very close to 
the air. Here oxygen passes from the air into the blood, 
and carbon dioxide passes the other way. The ^alue of 
having the immense number of blind alley air passages and 
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innumerable capillaries is to Jiave a hiij]fe total siirface for 
the exchange of gases between blood and air. 

From eaeli lung the blood capillaries join together into a 
pulminianj vein. These two veins lead the blood away from 
tfie lungs, and pour it, charged with oxygen and minus its 
carbon dioxide, into the left front chamber of the heart, the 
left auricle. Each time this is full it contracts, driving its 
blood into the left ventricle. This in turn contracts, and, 
since, as before, valves will not let the blood go back, the 
blood is forced out of the heart into a huge artery, the 
aorta. This blood, with its cargo of oxygen, goes all over the 
body. The aorta divides into smaller arteries, and these into 
capillaries in head, limbs, alimentary canal, and every part 
of ourselves. 

A grown man has four litres of blood in his body. The 
heart normally pumps eight litres a minute into the aorta, 
and three or four times as much when it is beating fast 
during exercise. 

Blood circulation. It is plain that the heart is 
a double })ump. The right and left sides are separate. Yet 
the two auricles contract at the same time. They do this 
seventy or eighty times per minute. And immediately 
afterwards the two ventricles contract. This is the heart 
beat. The ventricles have much thicker walls than the 
auricles, for they have more work to do in forcing blood 
through the arteries into the capillaries. 

Each time the ventricles force blood into the arteries the 
pressure causes the latter to swell slightly. An instant 
afterwards the artery walls, which are elastic, return to 
their former size. This swelling with each heart beat passes 
quickly as a wave along each artery away from the heart. 
It is tlie pulse. It is necessary for the artery walls to be 
elastic in order to press upon the blood and force it along. 

This extraordinary pump, the heart, works continuously 
without a stop from long before our birth until death. Its 
only rest is in between each beat and the next one. William 
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THE CIRCULATION 

Harvey (Fig. 152), in the reign of James I, was the first 
person to discover how blood circulates and how the heart 
works. 

Look now through the microscope at blood flowing 
through the transparent web of the frog’s foot (Exp. 1). 
You will see the pulse in the arteries. Blood flows rhythmi- 
cally and quickly here, more slowly in the capillaries, and 
there is again a quicker but even flow in the veins. You 
see small bodies floating in the blood. These are corpuscles 
(Fig. 5). Each is 0*02 millimetre in diameter. The flow is 
slower in the capillaries because their total cross-section is 
greater than that of arteries or of veins. In the same way 
water flows more slowly in a lake than in the riv(*rs that lead 
into and out of it. The blood flow appears very swift, but 
of course the capillary is magnified by the microscope. 
Actually, in ourselves, blood flows only at half a millimetre 
per second through the capillaries. But it kiaves the hear! 
at fifty centimetres a vsecond. 

H AEMOGLOBIN. What is the necessity for this never- 
ceasing blood stream round the body? There are several 
reasons for it. Two of the reasons you know already. In the 
first place, blood takes the occygen which is necessary for 
respiration from the lungs to the living substance in all 
parts of the body, and it removes unwanted carbon dioxide 
in solution back again to tlie lungs to be got rid of. 

But why is blood red'll The reason is this. An enormous 
amount of energy is required for lile processes. You know 
how the energy is liberated, and blood has to carry sufficient 
oxygen for the process. Yet if blood wove merely water, the 
heart would have to beat forty times as fast as it does in 
order to supply the body with all the oxygen it requires. Or 
there would have to be forty times as much blood as a(‘tually 
is contained in our blood vessels. This would mean that the 
heart, arteries and veins would have to be impossibly large. 

So the human body adopts another method. A red- 
coloured protein, called haemoglobin, is present in the blood. 
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It is a protein containing iron. Now, liacmoglobin has the 
property of taking up much more oxygen than could be 
dissolved in water. Actually in human blood forty times 
more oxygen is taken in from the lungs in this way than 
would otherwise be possible. Wherever oxygen is needed 
for energy liberation it is abstracted from the haemoglobin 
througli the thin walls of the capillaries (Exp. 2). The 
haemoglobin in blood is contained in the corpuscles which 
you saw in the blood vessels of the frog's foot. The colour- 
less liquid part of the blood, in which the corpuscles lloat, 
is called plasma. 

Transport of food. The first use of blood to 
the body is the transport of oxygen and carbon dioxide. 
The second is the carriage of digested food from the walls of 
the intestine to the liver, and, from the liver on, all over 
the body. From the intestine glucose, amino-acids and 
other products of digestion diffuse into capillaries in the 
intestine wall. These capillaries lead into a vein going to 
the liver. This is called the portal vein (Fig. 6). From the 
liver tlic foods pass in the blood stream to the heart, and 
tlien all over the body, wlna'c they diffuse out of capillaries 
into the living substance. But there arc yet other functions 
of blood. 

Waste matter. You know that carbon dioxide is 
carried by the blood in solution from all parts of the body to 
the lungs. It is a waste product. If it were not got rid of 
it w'ould quickly upset the working of the living machine. 
But carbon dioxide is not the only harmful by-product of 
the chemical changes that go on in the living body. Carbon 
dioxide is the waste from respiration. But you have learnt 
already that not only is fuel (the absorbed food) being used 
all the time to liberate energy, but in addition the machine 
itself is continuously wearing and being replaced. This 
wear means the breakdown of protein molecules, which are 
the chief constituent of the living substance. Proteins con- 
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tain nitrogen. They break down into simpler chemical 
compounds containing nitrogen, and finally into urea-^ 

It is the kidneys which have the work of turning urea out 
of the body. The blood stream goes through the kidneys 
(Fig. 6). Urea here passes out of the blood dissolved in 
water. The solution of urea and other waste substances in 
water which leaves the kidneys is called urine. It is tem- 
porarily stored in the bladder (Fig. 3, A) and then goes out 
of the body. This process of getting rid of urea and other 
harmful waste stuffs is known as excretion. In addition, the 
kidneys pass surplus water out. 

II EAT DISTRIBUTION. Our bodies are warm. How 
tliey are kept at exactly the same temperature, to within a 
degree, you will learn later on. Hut you know already tliat 
tlie energy liberated in the body appears partly as ht^at. 
Now, this lieat is not formed in equal amounts all over the 
body. A lot of it appears in the musdes and in the liver. 
It is the blood stream that carries the heat round and 
distril)utes it equally all over the body. The blood is thus 
like a hot-water eircailation in a centrally heated house. 

Communication. Again, blood is one of the two 
ways in which diffen'iit parts of the body communicate 
witli one another, so that all tlu? ]:»arts shall work in har- 
mony. The other way is through nerves. To take one 
exam[)le of communication by the blood: the pancreas 
only prodiK'cs trypsin when food is in the intestine to be 
digested. How does it know this? The food on arrival in 
the intestine causes a eli(*mical substance to pass from the 
intestine wall into the blood. When this chemical arrives 
via the, blood stream at the })ancreas, it gives the signal for 
trypsin to be let loose. In this way the pancreas works just 
at the riglit moment. Such chemical messengers are called 
hormones. 

Defence. Finally, there is yet another function of 
blood whieli can only be mentioned now. Blood is one of 
^ Urea has the formula COfNIl^h. 
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the defences of the body. When we are vaccinated or 
inoculated a^^ainst diseases, tJic defensive action of our 
blood is increased. You will hear more of this further on. 

Rcincinber, too, that blood dots when a wound bleeds. 
This prevents loss of blood from a small wound. 

Control of blood flow. When we exert our- 
selves our hearts beat more rapidly. The quicker stream of 
blood supplies more oxygen as this is needed. In addition 
to this there is a way by which particular parts of the body 
^et more blood when at any moment they need it. 

Arteries can change their diameter: they can widen or 
narrow. Suppose your arm is working. It needs more 
oxygen and so more blood. The arteries and capillaries in 
the arm })ecome wider and more blood gets there. At the 
same time arteries narrow in other parts of the body where 
there is a less pressing demand for blood. If you run, your 
legs get more blood and your stomach and intestine get 
less. Jlui after a meal more blood is sent to the gut and 
less to th(i brain and surfa(*e of the body : consequently you 
may J’eel sleepy and even chilly. 

PRACTICAL WORK 

Exp. 1. Demonstration under the microscope of the blood 
circulation tlirough the web of a frog’s foot. The frog should 
previously be anaesthetised by putting it for half an hour into 
a 2 per cent, solution of urethane in water. 

Exp» 2. Haemoglobin is scarlet when charged with oxygen, 
purple when without oxygen. In the body the oxygen is given 
up to those parts of the living substance which lack oxygen. But 
haemoglobin will also give up oxygen to a reducing agent, A 
demonstration should be made as follows. A dilute solution 
of haemoglobin is made with a drop of blood from a pricked 
finger in a test-tube of water. On adding a very small quantity 
of powdered sodium hydrosulphitc from the tip of a knife the 
scarlet colour changes to purple. On shaking up the solution 
with air the scarlet reappears. 
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THE FROG 

You have already seen a dissection of a froj^. This showed 
you the alimentary canal, the liver, the heart, and the lungs. 
We are now going to study the frog in more detail, TJie 
reason for choosing the frog rather than another animal is 
that in the first place it is easy to get, and in the second its 



Fig. 7. The frog. 


body is built on the same general lines as our own, although 
in many ways its structure is simpler. We shall study the 
frog both from the points of view of anatomy and of 
physiology. Anatomy is the science of the structure of 
animals and plants; physiology is the study of function, 
that is to say, the way in which the parts of the body work. 
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The frog (Fig, 7 and Exp. 1) has a head with a month, 
nostrils and eyes. Although there are no ears looking like 
our own, yet the frog has cars. The two rings on the dark 
patches behind the eyes correspond to our ear drums. 

There are two pairs of limbs, of which the hind pair is 
much the larger. Their structure is specially adapted to 
jumping and swimming. The webbed feet help the latter. 
There is no tail, but the young stage of the frog, the tadpole, 
has a long tail, and so has the newt which is a near relation 
of the frog found in ponds. 

Skin. Unlike our own, the frog’s skin is moist. Our 
skin is dry because its outer layers are dead. Since we have 
this dry, dead layer on the outside of our skin, our body 
docs not lose much water by evaporation in dry air. The 
frog is not protected in this way, and as a result it can only 
live in damp places. 

You have heard already how oxygen and carbon dioxide 
are exchanged between blood and air in the lungs. For this 
exchange to take place (by gas diffusion) a wet living sur- 
face is necessary, for the blood capillaries must come very 
near to the surface, and if this surface dried up these blood 
^ essels would be injured. Consequently the gas exchange 
in ourselves takes place in lungs inside the body, protected 
from the risk of drying up. The frog, too, has lungs, but it 
breathes not only through these lungs but to a large extent 
through its moist living skin, just like an earthworm. 

Colour change. The frog’s skin can change 
colour. It may become a light yellowish green or a darker 
brownish green. The change depends on outside conditions. 
A frog is light coloured in dry air, in bright light or when 
the temperature is high. The same animal goes dark in 
dampness, darkness or cold (Exp. 2). 

The mouth. If the mouth of a frog is opened widely 
the tongn>€ is seen (Exp. 3). Unlike our own tongue, it is 
attached in front and the free end points backwards (Fig. 9, 
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ing.). When the frog catches food the free end is thrown out 
of the mouth and the i)rey, such as an insect, is caught on the 
sticky tongue. Tlie chameleon (a reptile) has an enormously 
long tongue (Fig. 8 and Exp. 4) w^hich it can flick out with 
lightning-like speed and catch insects a long way off. 



Fi*'. 9. Dissectidit ofjrog, from the left side, an, anus; b. breast bone; 
bl. bladder; hV . its openinjr into end of intestine; crb.h. cerebral 
hemisphere;/, fat; g1, glottis; gul. gullet; ini. intestine; kd, kidney; 
Lan, left auricle; I lag. left lung; Ir, liver; p/z. pancreas; />.««. opening 
from nose into mouth cavity; r,btg. right lung; sp.cd, spinal cord; 
St, stomach; t?ig, tongue; Is. testis; wr. kidney duct; ur\ its opening 
into end of intestine; v, ventricle. 

The frog swallows its food whole without chewing it up, 
passing it back into the gullet which leads to the stomach 
(Fig.9). On thereof of the mouth is a pair of openings leading 
from the 7iose. In ourselves these are placed further back, 
behind the palate. Below the gullet is a slit-like opening, 
the glottis, leading to the windpipe or trachea which goes to 
the lungs. In man the laryiix (Adam’s apple), w^hich is the 
organ of voice, is just below the glottis (Fig, »3, B, La.). 

Skeleton. The skeleton (Fig, 10 and Exp. 5)ismade 
partly of bo?ie and partly of a softer stuff called cartilage, 
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Tlie ends of the shoulder blades, for example, are composed 
of cartilage. The skeleton is made up of skull, backbone or 



Fig. 10. Skeleton of frog, cm. ankle bones; b. brain case; r. ear 
capsule ;/c. femur; h. hip girdle; hu. humerus; il. ilium; is. ischium; 
m.c. metacarjmls ; m.t. metatarsals; n. nasal capsule; p. phalanges; 
r.u. radio-ulna; .v. shoulder blade; s.v. sacral vertebra: t.f. tibio-fibula; 
u. upper jaw; ur. iirostyle; e.l, first vertebra; w. wrist bones. 

Above is the shoulder (pectoral) girdle. Cartilage is dotted, bone 
[>lain. cl. collar bone (clavicle); cor. coracoid bone; hu. humerus, 
jianted to the girdle at g.c. (glenoid cavity); s, shoulder blade 
(scapula) ; sU breast bone (sternum). 


spine, and of limbs, together with bones attaching the limbs 
to the body. 
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We will take the skull first. In tlie middle is the brain 
eas(\ a hollow box of bones enclosing and protecting the 
brain. In front of the brain case are the two nasal capsules 
in which the organs of smell were lodged. On each side of 
the back })art of the brain (‘ase are the ear capsules, inside 
which were the inner parts of the ears. The upper jaw with 
teeth is fixed to tlie nasal and ear capsules. The lower jaw is 
hinged on either side to the back angle of the skull. On each 
side, between the upper jaw 
and the brain case, is a space 
in wliich was the eye. You 
will see a number of holes 
in the wall of the brain ease. 

Nerves from the brain came 
outthrough these. One larger 
hole on either side is for the 
nerve to the eye. 

The skull is hinged beliind 
to the ^m\c.oThacJkbone, This 
consists of nine joints or ver- 
tebrae, each of them built on 
the same plan (Fig. 11 ). The 
lower solid part of a vertebra 
is the centrum. Above this 
is an arch of bone. The spinal 
cord, which is the main nerve 
running backwards from the brain, passed through these 
arches of the vertebrae. The arch has a long piece of bone 
called the transverse process sticking out on eitlier side. 

If you look now at the way in which two vertebrae join 
one another you will see that there are ball and socked 
joints between the centra, and that projections from either 
side of the arches lit together. Tiius the backbone is not 
quite rigid, but there is a little ])iay between the vertebrae. 
Looking at the backbone from the side, you will notice 
spaces betwc(‘n the arches. Through these spaces nerves 
came out from the spinal cord. At the hind end of the 
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Fig. 11. Vertebrae of frog, 4th 
seen I'min in front and (itti and 7ih 
from the right side. cen. eentnini; 
S.C, position of spiiud cord within 
arch; tr. transverse i)rocess. 



Me. metaciirpiils ; Ml. luetatur^als ; i 
V, ulna; W. wrist bones. 
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backbone is a long thin bone, the urostyle (Fig. 10). It 
corresponds to the tail skeleton of a tadpole or a newt. 

Each of the four limh^i has an upper and lower main 
bone jointed to one anot her. In tlie arm tlie upper bone is 
the humerm^ the lower bone the radio-ulna. The c'orre- 
sponding bones in the leg are the femur (thigh bone) and the 
tibio-Jihula (shank bone). Attached to the end of the lower 
bone of each limb is a number of smaller bones. These are 
the wrist and ankle bones. Then come the bones of the hand 
and foot. The inner row of these corresponds to the bones 
of the palm of our hand, between wrist and fingers, and to 
the bones of our foot, between ankle and toes. They are called 
metacarpdls (hand) and metatarsals (foot). The outer jointed 
bones ( 2 )halanges) are those of the digits^ or fingers and toes. 

How are the limb bones attached to the body? The 
arrangement is different for the fore-limbs and for i-he hind- 
limbs. The thigh bone of each hind-limb is jointed to what 
is known as the hip (or pelvic) girdle, and this in turn is 
attached to the large transverse processes of the last (or 
sacral) vertebra. But the front-limb skeleton is not directly 
connected with the backbone. There is a breast hone wdth 
broad flat shoulder blades attached to it. These blades w ere 
connected to the backbone by muscles only. Breast bone 
and blades form the shoulder (or pectoral) girdle, and to it 
is jointed the humerus of either side. 

Fig. 12 shows the skeleton of a man. The brain case is 
relatively much more bulky than in the frog, for the brain is 
much bigger. The shoulder girdle is on the same plan as in 
the frog, but the breast bone is joined to the backbone by 
ribs, which are absent in the frog. In man there is not a 
single bone in the forearm, but two separate bones, the 
radius and ulna. Similarly in the shank there are two bones, 
the tibia and fibula. 

Muscles. If you skin a frog w^hich has been killed 
you will see the muscles of the body (Exp. 6). The function 
of muscles is, of course, to move the various parts of the 
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body. Tlic action of a niiiscJe will be understood by con- 
sidering the biceps of man (Fig. 13). The muscle has a thick 
middle part and narrow ends. The ends or tendons'^ are 
attached to bones, the upper tendons to the shoulder girdle, 
the lower tendon to the radius. A muscle does work by 
“contracting”, though this word is unfortunate, because 



Fipf. la. Action of the biceps muscle. Tlic muscle is attached by two 
tendons to the slioukler girdle at and by one tendon to the radius 
at P. When the muscle contracts, the iever (radius and ulna) is 
moved up on the fulcrum F (elbow), lifting the weight W (hand). 

the muscle really becomes shorter and thicker but does not 
change in volume. Fig. 13 shows you that when the biceps 
contracts, it causes the radius bone to move as a lever. 

The various muscles in the body are eitlier (1) attached 
like this to bones which they move as levers, or (2) they are 
attached by their ends to otlicr muscles. Examjdcs of the 
second kind are muscles which you see making up the wall 
of the belly or abdomen of the frog, muscles which cause 
peristalsis (p. 7) in the alimentary canal, and muscles of 
the heart. 


^ Meat consists of muscle, sinew is tendon and gristle is cartilage. 
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Functions of the skeleton. It is now clear 
that the skeleton has several differt^nt functions. In the 
first place it makes the body to a certain extent rigid. 
Secondly the brain case and arclies of the vertebrae protect 
the brain and spinal cord. And thirdly the bones of the 
limbs and the lower jaw are moved by muscles as levers. 

Brain and nerves. The brain and nerves to- 
gether make up what is known as the ner\'ous system. 
There is a central part of tlie nervous system, namely the 
brain and the spinal cord, and there are nerves wJh(!]i con- 
nect the various parts of the body with the central nervous 
system. Pairs of large nerves, one on ea(*h side, branch out 
from the spinal cord tlirough tlie spaces between the arches 
of the vertebrae. You can see these in a dissection (Exp. 7). 
And nerves join the brain through holes in the brain case. 

The nerves take messages in to the central nervous 
system and carry messages out from it. Tlie incoming 
messages come from sense organs, such as eye, nose and ear, 
by wliich tlie animal gets knowledge of what is happening 
in the outside world. Nerves also carry messages inward from 
the skin as to touch and temperature cliangcs, and from the 
tongue concerning taste. Further, they convey information 
to the brain as to the amount of contraction of the various 
muscles which are working. Outgoing messages from tlie 
central nervous system through the nerves give commands 
to the muscles to contract as required. The fact that a 
nerve does carry such a message to a muscle can be; shown 
by an experiment with a nerve and muscle of the frog 
(Exp. 8). You will hear more of the action of s(‘nsc organs, 
brain and nerves in a later chapter (Chap. xvii). 

Fig. 14 shows the brains of a frog and of man. At first 
sight they appear quite unlike, but really they are con- 
structed on the same plan. The chief difference is the enor- 
mous development in man of the front part of the brain. 
This region is called the cerebral hemispheres. In the frog’s 
brain you will see that this part is quite small, 
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Fi". 14. lirains of afro^ (1) and of man (II). The front of the froij’s 
briiiii is on t he left, and the bejiirining; of the spinal cord on the right. 
A is the part corresponding to the left cerebral hemisphere of man. 
In tlie human l)rain, C, C is the right cerebral hemisphere, S is the 
spinal cord; V is a vertebra. 
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Vertebrate animals. The frog and man, to- 
gether with fishes, reptiles (like the lizard and snake), birds, 
dogs, horses, etc., are all called vertebrate animals. How- 
ever different they may appear, they are all built on the 
same plan. There are numerous other animals built on 
quite different lines. Such are insects, worms, oysters, snails, 
and many others. 

One of the most important points about vertebrate 
animals is that their bodies are segmented. This means that 
parts of the body built on a certain plan are repeated a 
number of times in a series. Thus there are vertebrae 
coming one after the other, all more or less alike. So, too, 
the pairs of nerves coming off the spinal cord are i-epcated. 
If you look at the muscle forming the wall of the frog’s 
abdomen you will see that it also is segmented (Exp. 6). 
And there are two pairs of limbs, in which the bones in the 
fore-limb correspond with the bones in the hind-limb. 

Viscera. The alimentary canal, together with other 
internal organs or viscera, such as heart, liver, kidneys, etc., 
lie in the body cavity (Fig. 9 and Exp. 9). In front, protected 
by the breast bone, is the heart with veins leading into it, 
and arteries leaving it. On either side of the heart are the 
lungs i each receiving air from the mouth through a branch 
of the trachea or windpipe. The air passes inwards through 
the nostrils, along the passages from nose into mouth, 
through the glottis and finally down the trachea. It goes 
out from the lungs by the same path. 

Behind the heart is the liver. To this, as you know, 
the food, absorbed from the intestine after digestion, 
is first conducted through the portal vein (p. 22). In the 
liver the food undergoes certain changes, for instance 
some of the glucose is turned to glycogen for temporary 
storage. 

But the liver has other functions. It produces bile. This 
greenish solution is stored for the time being in the gall 
bladder and then passes into the intestine. Bile contains 
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certain waste products (excretions) which the body is 
getting rid of, and it also contains chemical substances 
which help in digestion. 

Blood vessels. In a dissection of a frog you can 
see the course of the main blood vessels (Fig. 15). From the 
intestine blood is taken to the liver in the (hepatic) portal 
vein. The digested food absorbed through the intestine 
walls moves off in this vein to the liver. Leaving the liver 
again, this blood joins the main vein bringing blood from 
the back part of the body to the heart, the posterior vena 
cava. Blood from the front part of the body arrives through 
various branch veins into an anterior vena cava on each side 
of the body. These three veins, two anterior and one 
posterior venae cavae, pour their blood into the right auricle^ 
whence it is passed into the ventricle.^ Likewise in man you 
will remember that blood from the body arrives at the right 
auricle. 

Blood then leaves the ventricle throiigh two pulmonary 
arteries to go to the lungs. These arteries have big branches 
to the skin, for in the frog gas exchange between blood and 
air takes place at the skin as well as in the lungs. From the 
lungs blood moves back througlj pulmonary veins to the left 
auricle, and then into the ventricle. 

Finally tlic blood leaves the ventricle to go all round the 
body. In man there is one aorta, curving round to the left 
side of the heart (Fig. 6). In the frog the aorta divides into 
two, one on each side. Branches come out from the aortae, 
taking blood to the head, before the aortae curve round on 
eitlier side of the heart. The left and right aortae join behind 
the licart to form the dorsal aorta. This runs back at the 
top of the body cavity, above tlie posterior vena cava. 
Its branches supply blood to all parts of the body behind 
the heart. 

^ The ventricle of the frog’s heart is not divided into right and left 
halves as it is in man. Consequently the frog’s heart is a less efficient 
organ. 
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Fipj, 15. Diagram of the principal blood vessels of the frog^ seen from 
Mow. Veins are sliown in !)Uick, arteries in wiiite. Tiie valves at 
the openin<^s into and out of the ventricle are indicated. LA, left 
auricle; KA, rij^ht auricle; V, ventricle. 
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Reproductive and excretory organs. If 
the dissected frog is a female^ the ovaries which produce the 
black eggs can be seen in the body cavity. The eggs, wlien 
ripe, come loose from the ovaries into the body cavity, and 
then they enter the open inner ends of two tubes called 
oviducts. These tubes arc white and coiled. They lead into 
the hind part of the alimentary canal, just before its opening 
to the exterior. While the eggs arc passing along the ovi- 
ducts they become coated with jelly. 

On th(^ roof of the body cavity are the two red kidneys 
(Fig. 9). Dorsal aorta aiul posterior vena cava lie between 
them (Fig. 15). As you know, the kidneys take urea and 
surplus water from the blood (p. 23). These excretions are 
then passed down two tubes, the kidney ducU (Fig. 9), again 
into the hind part of the alimentary canal. Into this there 
also opens the bladder. Urine is temporarily stored here. 

If the frog is a mal(\ the kidneys arc the same, but instead 
of ovaries tliere are two white testes in which the male re- 
productive product is prepared. This liquid, the sperm, 
passes out through the kidney ducts. 

You will notice that in the frog faeces, urine, and eggs or 
sperm all go out to the exterior through tlie same opening. 


PRACTICAL WORK 

Eifp. 1. Examine a frog. 

Ejcp. 2. Put frogs for a couple of hours in different conditions 
of humidity, light and temperature to see colour changes. 

Krp. 3. Examine the mouth cavity of a frog. 

4. C'hameleons (*an be purcliased from dealers in London 
and kept alive in a vivarium in a warm and sunny situation. 
The method of feeding and the colour changes can be observed. 

Eap. 5. Study the skeleton of a frog. 

Exp. 0. Skin a frog to sec the muscles. 

Exp. 7. Tile spinal nerv^es and the brain in a dissected frog 
should be shown to the class. 
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Eocp* 8. A musclc-nerve preparation should be made of the 
gastrocnemius muscle and sciatic nerve of a frog \vhi(di has been 
beheaded by one stroke of a large pair of scissors. The effect of 
mechanically stimulating the nerve can be shown to the class. 

Exp. 9. Demonstration of a dissected frog to show heart, 
main blood vessels, lungs, liver, testes or o\aries and oviduct, 
kidneys, kidney ducts, bladder, and cloaca. 
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CHAPTER V 

PROTOPLASM AND CELLS 

Amoeba, So far we have been talking about man and 
about animals which, even if they are frogs, are not so very 
unlike man in structure. But now we are going to consider 
an animal which is as far away from man as an animal can 
be. It lives commonly in dirty water. It can only be seen 
under the mic^.roscope, and is called Amoeba (Fig. !()). When 
you examine it (Exp. 1), you will see a very small piece of 
semi-transparent jelly containing numerous granules. Ac- 
tually it measures about half a millimetre across. It is 
made of a sort of half-liquid jelly, and if you look closely 
you will see that it moves. 

Each individual Amoeba has an irri'gular and (dianging 
shape. As it moves along, a projection of llie jelly pro- 
trudes. A liigh magnification with the mieros(‘ 0 ])e will 
show you that the substance of the Amoeba has numerous 
very small granules in it. As the ))rojecti()n, or pseudo- 
podium (false foot) as it is called, pushes out from oiu' side of 
the animal, the granules are seen to How into it. The jdly- 
like substance of the then, is liquid in the middle. 

If the Amoebay in the course of its wandering in the water, 
meets a microseo[)ie plant, a remarkable tiling hajipens. It 
flows around the plant and the latter gets enelos(‘d inside 
the Amoeba, The small plant is surrounded hy a drop of 
water inside the animal. It has been eatcai. It is then 
slowly digested inside the drop, or food vacuole. Digestive 
enzymes ])ass from the substance of the Amoeba into the 
dro{> for this purpose. Later on, the indigestible remains 
of the food are pushed out of the Amoeba. 

Thus you see that the Amoeba lives, but that it has an 
ever-changing shape. It moves, but it has no limbs. It eats 
and digesUiy but it has no mouth nor alimentary canal. And 
more than this, it has all the other sjx^cial features of lif(‘. 
It respires. Dissolved oxygen from the water pusses into 
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Fig. 16 . Afmeba, These are two pliotographs tiiken tlirough the 
microscope of living Amoeba, c. is the contractile vacuole. The round 
black balls are food vacuoles. The animals were moving towards the 
left by throwing out pseudopodia. (Karl BSlaf.) 
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the Amoeba. Ener^^y must be liberated from the digested 
food for movement and the other life processes. Just as in 
the case of other animals, oxygen is required for this pur- 
pose. The resulting carbon dioxide passes out again in 
solution into the surrounding water. 

You will remember that our kidneys get rid of the nitro- 
gen-eontaining wastes from the wear and tear of the living 
substance, and that also they excrete water. The Amoeba, 
too, has something that acts as a kidney. If you look 
closely at it, you will see a round drop of lifjuid inside 
it which slowly grows and collapses, grows and collaps<^s 
again, and so on at regular intervals. This is called the con- 
imetile vacvole. Each time it v^anishes, the liquid inside has 
b('en squirted out of the Amoeba. In this way the animal 
excretes its waste matter. But there is another reason 
why it has all the time to be pumping water out of itself. 

Osmosis. If you put a wrinkled grape into water it 
slowly swells up (Exp. 2). Water is sucked into it until no 
more can get in because of the skin of the grape. This intake 
of water is called osmosis. The reason for it is that dis- 
solved substances inside attract water inwards through the 
skin. In the grape it is sugar that pulls in the water. The 
result is a pressure inside, called osmotic pressure, which 
swtdls out the grape. 

You can make an experiment to show osmotic pressure 
(Exp. 3). Tie wet jxarehment paper over a glass thistle 
funnel. Put sugar solution into the funnel through the 
stem. Fix the funnel in a bowd of water with the parchment 
dowmwards, so that the level of water in the bowd is the 
same as the le\ el of sugar solution in the stem of the funnel. 
The sugar will cause osmosis, attracting w^ater in through 
tlie parchment. The osmotic pressure that results will force 
the sugar solution up the stem. The level will rise in the 
stem until the force of gravit}^ which is pulling the liquid 
downwards, stops the rise. 

The outer surface of Amoeba is a skin or membrane like 
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tlie skin of the grape or the parchment. Inside the Amoeba 
are sugar and other substances dissolved in water. As a 
result water is for ever passing inwards. But the membrane 
surrounding Amoeba is not tough like the skin round the 
grape. Consequently, unless something were done about it, 
the animal would soon burst owing to th(^ osmotic pressure. 
This is the reason for the nevcr-eeasiiig pumping out of 
water by the contractile vacuole. 

Responses. Amoeba moves, feeds, digests, respires 
and excirctes. In addition it shows two other eharaeteristies 
of all living organisms. It responds to changes in its sur- 
roundings, and it produces fresh generations of Amoeba. 

If an Amoeba is touched with a needle, it (piiekly rounds 
itself up into a ball. The same thing hapj)ens if in the course 
of its wanderings it comes upon water witli an unusual 
chemical in solution, or again if the microscope is shaken. 
Amoeba responds to changes in tiie world around it. Yet it 
has no nerves. 

Any change in the outside world which caiis(‘s a change 
in an animal or plant is called a stimulus. TJie needle, the 
chemical in solution, shaking the microscope, the small 
plant which it eats, are all stimuli to Amoeba. Light is a 
stimulus w^hich causes flowers that have been closed at 
night to open in the morning. Stimuli act not only on tlie 
outside surface of the body but inside as well. Food arriving 
from the stomach into the int(‘stine in ourseh cs is a stimulus 
causing a hormone to be liberated into the blood, and this 
hormone in turn is a stimulus for the pancreas to pour 
out its digestive enzyme (p. 23). 

N UCLEUS. By looking carefully you can see that 
inside tl)c Amoeba there is a round globule of clearer jelly. 
This is called the nucleus. It is not very easy to see, but 
can be made (juite clear by killing the animal in a special 
way and staining it with a dye (Exp, 4). 

The nucleus is a \^cry important part of the Amoeba and 
controls all its activities. For instance, biologists have in- 

44 



PARAMECIUM 


vented a very delicate apparatus by which even so small an 
or^^anisin as an Amoeba can be cut into two with very fine 
^lass needles. When this is done the half containing the 
nucleus grows again and lives, while the other half always 
dies. 

Reproduction. How does the Amoeba reproduce 
its kind? It does so from time to time by dividing into two 
equal-sized individuals. Every few hours an Amoeba divides 
itself into two (Fig. 17). First the nucleus divides, tlien the 
rest of the animal divides into two equal parts with a half 
nucleus in the middle of each. The two halves then move 
away in different directions and each grows to a full-sized 
Amoeba. In this way a new generation is produced. But 
notice that there is no parent left to die of old age. Each 
family of uirnoeba goes on indclinitely without dying, un- 
less it meets with an accident. 

P j H A M K a JUM. In tlie same sort of dirty water from a 
stagnant pond in wliich Amoeba lives, or in a llower vase 
tliat has been left too long, there are numerous other very 
small animals which move about much more quickly than 
Amoeba does. Instead of crawling on tlie bottom, they 
swim rapidly t hrough tlie water. One of the eommonest is 
called Paramecium (Fig. 18). 

It is dillieult to make Paramecium stop swimming, but 
this can be done by putting cotton- wdoI in the water be- 
tw(*eu the eov(*r-slip and niicrosc,o]3e slide, or by a drop of 
gum at one side of the drop of water (Exp. 5). Then it is 
seen that the whole animal is covered wdth countless very 
small whips, wliich are lashing the w’ater. They are called 
cilia. It is they that make the animal swim. 

These cilia are not only found on microscopic animals. 
Tlie re are cilia in our own bodies, for example in the trachea 
(windpipe). Here they all beat upwards and make a current 
of sticky liquid (mucus) move on the walls of the trachea 
from the lungs towards the mouth. In this way specks 
of dust breathed into the lungs are got rid of. Cilia can be 
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Kil?. 17. Amoeba reproducing. are six successive f)hotoj»rapI»s of a 
living Amoeba dividing into two. Coriiparc Fig. 134. (Karl BIMar.) 
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seen very beautifully in mussels (Fig. 19 and Exp. 6). These 
animals, by means of cilia, make currents in the water 
towards their mouth and so catch the microscopic animals 
and plants which are their food. Oysters do the same. 


Fi". 18 . Paramecium. Cilia 
are seen on the outside of 
the animal. Food enters the 
f'ullct (gul.). Food vacuoles 
are seen travellin;^ round 
the body until finally faeces 
(/.) are thrown out. There 
are two contractile vacuoles 
(c.n.). nu. nucleus. 


After the cilia,, the first tiling that you will notice about 
Paramecium is that it has a definite shape. It does not 
throw out ])scu(lopo(lia like Amoeba, The animal is oval and 
flat. Indeed it used to be called the slipper aiiiiuahailc”. 
Further, the body is sliglitly twisted, so that it swims 
turning over nnd over in a spiral course (Exp. 7). On one 
side is a groove, Sj)ecial cilia cause water currents to How 
into this groove, which is called the gullet. It is in this w^ay 
that Paramecium tak(‘s in its food, which again consists of 
microscopic plants. When these are taken into tlie body of 




F’ij?. 19. Action of a cilium, Cinematr);rraph fUiii taken under the 
rnif^roseopc of a sinj^de li viri^if eiliiinm on the gill of a mussel. Successive 
stages in the heat of the cilium are shown by the numbers I-IO. 
The cilium comes up like a whip lash and moves back like a stiff rod. 
The interval Ijctween each pliotograph and the next is 1/20 second. 
The length of the cilium is 0*07 millimetre, (.f. Gray.) 
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the animal they arc, as in Amoeba, eaeh enclosed in a food 
vacuole in which they are di^Testcd. These vacuoles slowly 
move around inside the body, rollowing always tlie same 
path, and the undigested remains of the food leave the body 
always at the same ])lace (Exp. 8). 

It is clear, then, that the structure or anatomy of Para- 
mecium is more delinite than that of Amoeba. There is 
a gullet at the bottom of whicli the food caters tlie body as 
if by a mouth. It is true that there is no alimentary canal, 
but the food vacuoles follow a definite path. There is no 
visible aitus, hut the faeces leave the body always at the 
same spot. Parainecium has contractile vacuoles which in 
this case arc two in number. 

Thercj are very many different kinds of animals similar to 
Amoeba and Paramecium. They are called Protozoa. Most 
of them live in dirty water, where they can get plenty of 
food, but sonar live inside the bodies of other animals for 
tlie same reason. They are present, for instance, in the 
intestine of the frog (Exp. *.)). 

P ROTO TL ASM. VVc have fretjucntly spoken of “the 
living substance”. Biologists call it proto])lasm. The bodies 
of all animals and plants are made up of this stuff. They 
are made of living protoplasm plus the dead products of 
proto[)lasm. Exam})les of these non-living products are 
wood, bones, hair, and the outside layer of your skin. You 
saw protojdasm itself when you looked at Amoeba under 
the microscope. It was a semi-liquid greyish substance. 
And you know its chemical composition. It is made up of 
water with a number of substances dissolved in it, of which 
the most abundant are proteins. In addition to proteins, 
protoplasm contains carbohydrates, fats and salts. 

The living substance protoplasm, then, is not one single 
chemical compound. It is what the chemists call a mixture 
— it is composed of numerous chemical compounds dis- 
solved in water. But again, protoidasm is not just such a 
mixture as you miglit make by dissolving proteins and 
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sugars and salts in water in a test-tube. It is miich more 
complicated than such a mixture. For, as you know, 
chemical changes are going on in protoplasm all the time. 
Proteins are unceasingly being broken down to urea and 
being built up again from amino*acids. Tliis we compared to 
the wear and repair of a machine. And carbohydrates and 
other compounds are all the time being broken down for free- 
ing energ}^ This involves oxygen intake and carbon dioxide 
output (respiration). These processes go on regularly and 
unceasingly during life. If we can compare protoplasm to 
anything else, it is not to a mixed solution in a test-tube, 
buttoa very complicated chemical laboratory. Death occurs 
when in some way or other the laboratory gets disorganized. 

Cells. When the living substance of a plant or a frog 
is looked at under the microscope, the proto} )lasm is seen. 
But this protoplasm is not just a single c‘()ntinuous mass. It 
is seen to be divided into innumerable little compartments. 
These are called cells. To see j>lant cells, skin off the outside 
layer of a leaf, and look at it through the micToscope (Fig. 20 
and Exp. 10). The easiest way to sec animal cells is to 
scrape the inside of your cheek with your linger nail and 
then to put wluit you have removed in a dro]) of water on a 
microscope slide, covering it with a cover-slip (Exp. 11). 
These (?ells look like polygons fitted together. 

The outlines of plant cells are plainer than those of 
animal cells. This is because ea(*h plant cell is surrounded 
by a layer of a dead product, the cell wall. The cell wall is 
made of a carbohydrate called cellulose (p. 4). 

The word cell may seem to you unsuitable for something 
that is not an empty cell at all but a little mass of proto- 
plasm. It is unsuitable, but its origin is this. In the 
seventeenth century Robert Hooke first cut thin pieces of 
cork with a razor and looked at them through the newh 
invented microscope. He saw numerous little empty com- 
partments, which he a})t]y called cells. Cork, of course, is 
dead, and it was only f ound out later on that the empty 
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cork cells hud originally been filled with living protoplasm. 
Hooke was looking at the cell walls. But the word ‘'cell” 
has been kept for tlie living protoplasmic divisions. 



Surf ace of leaf. Tliis i)hotofrra|)h iakin iincicT the inicroscvpc, 
n1u)ws the wavy cell walls of the cells at the surface of tlie leaf. 
Every here and there are stomata (p. 08). 


Dieekrent kin])s of cETiLs. Proto})lasni, as 
yon know, is like a sort of liquefied jelly. Tlie outside of Die 
})rotoplasm of each cell is more solitl. It is rather like the 
skin that forms on boiled milk. Tliis skin or membrane is 
part of tlie living ])roto]>lasm. It prevents the liquid proto- 
plasm of Amoeba from mixing with the water in which the 
animal moves. The cell wall around plant cells is distinct 
IVom the skin or membrane. Tlie inembrane is ])art of the 
protoplasm, while the cell wall outside it is a dead product 
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of protoplasm. Inside the proto})lasm of every cell is a 
nuclais. just as you saw in Amoeba, 

The livinjy proto j)hism in tlie body of an animal or a 
platit is divided U]) into cells. ^ The counth^ss cells, how- 
ever, which make up the body of an animal or a plant are 
not all of them alike. On the contrary, the cells of muscle, of 
the brain, of the stomach lining and so forth, are different 
from one another. But all muscle cells arc similar, all nerve 
cells are similar, and so on. 

B j. o o C’ o R P u s c L K s. Let us look at a few of these 
different kinds of cells more closely. You have already seen 
corpuscles lloating in the frog’s blood stream. These are 
cells. Looked at with a higher power of the microscope 
(Exp. 12) they are seen to be oval, with a nucleus in tiie 
centre of each. They arc light yellow in colour. This colour 
is due to the haemoglobin they (‘outain. It is only the 
(!Ountless corpuscles which are seen together in a drop of 
blood that make it look bright red. 

Besides these red corpuscles, as they are called, blood 
contains xvhite corpuscles floating in the plasma. They are 
less numerous, about one to every thousand red corpuscles. 
Nevertheless th(‘re arc very many of them in the body. One 
cubic millirnet rc of tlie blood of a mouse, for example, con- 
tains over a million, and as there are about a thousand 
cubic millimetres of blood in the mouse's body, this small 
animal has a billion white corpuscles. These cells have an 
irregular shaj)e, and a nucleus. Each looks something like 
an Amoeba, And, indeed, in more ways than one they 
resemble Amoeba, For they nK)ve about by throwing out 
pseudopodia, and they capture food in a similar way. 
Actually tlieir food consists of any bacteria (microbes) 
which happen to invade the blood. The job of the white 
corpuscles is to cat bacteria and so defend tlie body. 

Colour c e l i. s . When you looked through the micro- 
scope at the web of the frog’s foot in order to see blood 

^ This very important truth was hrst realized in 1838 by Schwann. 




Fig. 21. Colour cells in froffa sldn. These are photographs taken 
through the microsoopc showing successive stages in the spreading of 
black pigment into tlie branches of colour cells. As the black spreads 
into tile cell branches, the animal looks darker in colour. (L. T. 
llogben.) 
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capillaries you probably also noticed black branched cells 
in the skin. These are colour cells. The black pigment is 
in granules in the protoplasm ol* those cells. The granules 
can move out into all the branches ot the cell. Or the black 
may all be collected together in the middle of the cell 
(Fig. 21). In the lirst case the frog looks dark, in the second 
case it is light coloured (FiXp. 13). This is how the colour 
change occurs which you read about in the last chapter. 

Cells in the intestine wall. Blood cor- 
puscles can be seen under the microscope because they arc 
iloating in blood. The cells lining the cheek can be scraped 
off to be examined. But how are we to study tlie numerous 
other cells in solid llcshY The biologist has invented for this 
purpose a machine which cuts dead llcsh ijito very thin 
sections. It looks something like a bacon-slicing machine 
on a small scale. The stuff to be cut is enclosed in parallin 
wax to make it stiff and then cut into sections which are 
put on a microscope slide, after which the wax is removed. 
The sections arc dyed in various ways and made transparent 
in an oil. 

As an example, look at a section through the frog’s 
intestine (Exp. 14, cf. Fig. 22). You see the cells that line 
the intestine, each with its nucleus. You see parts of blood 
capillaries, their walls made of flattened cells. The digested 
food passes in solution through the lining cells into these 
capillaries. You see also muscles around the intestine. They 
cause the peristalsis (p. 7) that moves the partly digested 
food along. The muscle cells arc long and narrow. 

Tissues. The whole body is thus made of living 
protoplasm divided up into cells, and of dead products of 
these cells, such as bone or plant cell walls. The cells are 
of various kinds, and the cells of each kind arc massed 
together to form musek^ nerve, the inner lining of the 
intestine, and so on. In this way we get the difft^rent parts 
that make up the body. These are called tissues, Tliere is 
muscular tissue, nerve tissue (nerves and brain), skeletal 
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tissue (the cells that make bone and rartiiage), connective 
tissue which holds the others together, blood tissue, 
epithelium (as the skin and the inner lining of the alimentary 
canal), and other kinds. 



Fig. 22. Part of a section through the wall of the human intestine. 
A, cavity of intestine; B, body cavity. Tlie finger-like pro<;esses 
project into the cavity of the intestine and increase its surface. 
c. ej)ithelial cells through which digc^sled food is absorbed into the 
capillaries, c. BI(Kid flows from the artery, a., through the capillaries 
into the vein, v m. arc tfic muscles which cause peristalsis. 

55 


PROTOPLASM AND CELLS 

Organs. What, then are we to call the liver, the heart, 
the stomaeii, or tlie brain? These are organs. Each organ is 
made up of several different tissues. The heart, for example, 
is an organ made up largely of muscle tissue, held together 
by connective tissue. pancreas is a type of organ known 
as a gland (Fig. 23). The cells of a gland produce {secrete) 





Secreting Cells 


Capilla ry Mwork 


Fijr- 23. Gland. The diagnim shows the cells which secrete, the tube 
or duet by which the secretion leaves the inland, and the blood 
eiipillaries which briii^i to the gland the chemical substances from 
which it prepares the secretion. 


chemical substances [secretions) which leave the gland and 
are of use elsewhere in the body. TJie pancreas, as you know, 
secretes the enzyme trypsin which digests proteins in the 
intestine. 

Varieties of protoplasm. In this chapter 
you liave learnt two of the most important general facts 
which are known about Jiving organisms. Tiie first of these 
is that all plants and animals are made of protoplasm. The 
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second fact is that tlu; protoplasm is divided up into cells. 
Let us see what this really means. 

It is truly very remarkable to find that the living sub- 
stance of such different organisms as grass, man and 
Amoeba is so much alike. The protoplasm of each looks alike 
under the mieroseope. And chemically, too, these varieties 
of proto})lasm are very much the same. The differences 
between tliem are only in tiie relative amounts of the various 
proteins and other cliemical compounds which they con- 
tain. Yet the results of these small differences in the proto- 
plasms are enormous. One variety of protoplasm produces 
a tree, another a dog. 

Cell division. The protoplasm of all animals and 
plants is divided up into cells. The cells of a leaf and of our 
muscles may be very different in shape. So, too, the cells of 
our various tissues differ in appearance. Yet all cells are 
made on the same plan. Each has a nucleus, like Amoeba. 
And, more than this, just as one Amoeba divides into two, 
so also the cells of the body divide (Fig. 134). This is how 
growth takes place. As the animal or plant grows, the cells 
go on and on dividing, so forming fresh cells. Each of 
these grows to its full size and then divides into two again. 
Thus all cells in the body are the result of the division into 
two of jircvious cells. They never arise from something 
that is not a cell. 

A M () EBA AND M A N. Filially, let us compare Amoeba 
with man. Each individual Amoeba is made of one cell. 
Man is made of an enormous number of cells. Yet you have 
seen that the single-celled Amoeba shows all the signs of 
life. It moves, digests, respires, reproduces, and so on. But 
it has no separate organs. All is done in one cell. In our- 
selves there are many different kinds of cell. They form 
the tissues, and cacli kind has its own special job, such as 
movement, digestion or support. The single cell of Ampebais a 
man-of-all- work. But the human body is like a factory, with 
the different workers each having his own little task to do. 
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PRACTICAL WORK 

Eccp, 1. Study living .'Iwofifa under the microscope.^ Amoeba 
can be cultured in water in wliicli grains of corn are allowed to 
decay. 

KiVp, 2. AVrinklcd grapes are iimncrsed in water to show os- 
motic swelling. 

Exp, 3. Osmotic pressure: explanation in text. 

Exp, 4. Examine Amoeba stained to show the nucleus. 

Exp, 5. Study living Paramecium under a cover-slip. 

Exp. 6. Examine living cilia on a fragment of the gill of a 
mussel. The currents caused by the cilia can be seen better if 
starch grains stained with iodine are added to the water. 

Exp. 7. Watch Paramecium swdmming in a flat glass vessel 
under a low i)ow'er of the microscope. 

Exp. 8. Examine living Paramecium fed with Indian ink to 
show the food vacuoles. 

Exp. 9. Examine ciliates from the frog’s rectum swimming in 
0*75 per cent, sodium chloride solution. 

Exp. 10. Look through the microscope at plant cells in the 
skin of a leaf. 

Exp. 11. Examine cells from the inside of your cheek. 

Exp. 12. Examine a drop of frog’s blood under the micro- 
scope. 

Exp. 13. Examine under the microscope the web of the foot 
of (a) a frog made light coloured, and {b) a frog made dark by 
one of the methods of Chap, iv, Exp. 2. 

Exp. 14. Look at a section through the frog's intestine, 

^ It is very lielpful to show this and other micro-organisms to the 
class with the help of a microprojccior. 
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HOW GREEN PLANTS FEED 

You know what protoplasm is composed of. And you 
know that animals make protoplasm by feeding on plants 
or otlier animals, digesting the food, absorbing it into their 
blood, and then using what they liave taken in. But how do 
plants feed? 

Plants take substances out of the soil with their roots. 
This is known to everybody, since we manure tlie ground 
when plants have used up what is in it. But everybody 
does not know that jdants also feed from the air. They use as 
food one of the gases present in tlie atmospliere. And they 
do this wdtli the help of a green substance inside them. Tliis 
is wliy most plants are green. Let us s(^c first of all w^hat it is 
til at the pla nts take out of the air. 

Composition op plants. The chemieal com- 
pounds which make up protoplasm contain water, they 
contain carbon, and there arc a number of other elements 
present. You can prove that there is w^ater in plants by 
WTirming tlieiu and so driving off the water (Exp. 1). If you 
heat the j)lant still more it chars. The black charcoal is 
earb(3n (Exp. 2). The })resenee of nitrogen in tlie })lant is 
]>roved by heating it w ith soda lime, wdien you get a smell of 
ammonia (Exj). 3). The charred jdant contains also sulphur, 
j)hosj>horus, ])otassium, calcium, magnesium, iron, and small 
ainounts of other elements. Of these various elements it 
is carbon wliicjh the })lant takes out of the air. 

Source of carron. Air contains 0*03 per cent, of 
carbon dkuide gas, but this small amount is suilicieiit to 
supply green plants witli all their carbon. The carbon 
dioxide goes into the leaves, and there it combines with water. 
The result is the formation of glucose. Glucose, as you 
know, is a sugar (one of tlie carbohydrates). It contains 
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carbon, hydrogen and oxygen. These necessary elements 
are supplied by the carbon dioxide and the water. The 
equation is as follows : 

6CO2 -f 6H2O == CgHi20e + ^^2 

(carbon dioxide) (water) (glucose) (oxygen) 

Once formed in the protoplasm of the leaves the glucose is 
quickly turned into another carbohydrate, starch. Starch is 
insoluble in water, so the tmuing of glucose into starch gets 
the carbohydrate out of solution, that is to say out of the 
way, as quickly as it is made. Room is thus left in the 
protoplasm for more glucose to be manufactured. Later on, 
when the carbohydrate is needed for various purposes, the 
starch turns into glucose again (cf. glycogen, pp. 0, 11). 

Light energy. Carbohydrates contain more po- 
tential chemical energy than water and carbon dioxide. So 
energy must be supplied to make the tw^o latter unite and 
form glucose. In the laboratory we supply energy to make 
chemical combinations take place in the form of heat 
energy or of electricity. Light is another kind of 
energy which can (!ause chemical changes. This happens in 
photograpliy. In the leaf it is light, the light of the sun, 
which supplies the energy to combine carbon dioxide with 
water. 

Chlorophyll. But light cannot act directly on car- 
bon dioxide and w^atcr. A solution of carbon dioxide in 
water in a test-tube will never turn into sugar, how^ever 
strongly we light it up. In the leaf, however, there is a 
green substance wdiich acts as intermediary. It is called 
chlorophyll. It is in the presence of this chlorophyll that 
sunlight causes the formation of glucose from water and 
carbon dioxide. The process is called photosynthesis. 

Experiments. You can prove these facts quite 
easily yourself. If you expose lime water to the air, it 
slowly goes milky. This shows that air contains carbon 
dioxide (Exp. 4). Next, you can prove that carbon dioxide 
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is necessary for photosynthesis. Take two young potted 
plants that have be(3n kept in darkness for a couple of days. 
All the starch in their leaves will have been used up by 
then. Now put one of the plants into a closed glass jar in 
which you have placed a small beaker containing some 
caustic soda. This removes all carbon dioxide from the air. 
Put the second plant into a glass jar without any caustic 
soda. Then place both jars in shaded sunlight for a few 
liours. You want now to see if starch has formed in the 
leaves of either of the plants. To lind this out the tihloro- 
phyll must first be removed. Take a leaf from each plant, 
put it in boiling water for a minute and then into al(*ohol. 
The chlorophyll all dissolves out, leaving the leaf colourless. 
Next pour a solution of iodine on each leaf. With starch 
iodine gives a blue colour. The blue will appear only in the 
leaf that was able to get carbon dioxide (Exp. 5). 

If the equation above is right , oxygen should be produced 
in photosynthesis. To prove this put a living green plant 
into one closed glass jar, and a dead plant, killed by placing 
it in boiling water for a moment, into a second jar. In each 
jar is a lighted candle. When the candles have used u]) all 
the oxygen they go out. After this has happened expose 
the jars to sunlight for a few hours. Then open the jars 
and put a lighted taper into ea(*h. It burns in the jar 
containing the living plant but not in the other, for tlie 
living plant has produced oxygen in the sunlight (Exp. 6). 

Pond plants give off bubbles of oxygen in sunlight. The 
gas can be collected under the water and shown to be 
oxygen. At the same time you can see by means of an in- 
dicator dissolved in the water that carbon dioxide is used 
up, and so the water becomes less acid (Exp. 7). 

Light is really necessary for photosynthesis. If you 
take plants that have been some days in darkness the iodine 
test shows that their leaves contain no starch. The plants 
have used it up. But after the leaves have been put for 
some time in light there is starch in them (Exp. 8). 
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Finally, it is easy to prove that chlorophyll is necessemj for 
photosynthesis. There ar(‘ some leaves wliich have green 
and yellow patches, for example eertain kinds of laurel and 
privet. Put plants with such leaves in light for some 
hours. Then make a drawing of the shape of the green 
patches. Next dissolve out the chlorophyll in alcohol, and 
test with iodine. The blue colour appears only where the 
chlorophyll had been (Exp. 9). 

Source of nitrogen and other elements. 
It is clear now that carbon enters tlie ])lant from the air via 
the leaves. Put the atmospheni contains 79 ]>(t cent, of 
nitrogen and it might be ex])eete(l lhat this element too 
would be taken from tiie air. This is not so, however. The 
plajit takes in all of its jiitrogen in the form of nitrates^ 
from tlie soil. And all the otluT necessary elements come in 
through tluj roots. The jmrpose of roots is partly to anchor 
the plant to the grouucl. })arlly to feed the })lant. 

You know what plant cells look like under the miero- 
sco})e (p. 51). Each is suiTound(‘d by a hard cell wall. It is 
obvious, therefore, that the cells of tlu^ root can only take 
into themseh es substances which arc in solution. Solids 
could not pass through the cell Myalls. 

Actually the roots take in from the soil soluHoJis of simple 
salts. The soil in which jdants grow^ always has salts in it 
dissolved in water. The salts are chicliy nitrates, sulphates, 
and phosphates oi potassium, calcium and magnesium. You 
can prove by experiment which particular salts are neces- 
sary to tlie plant (Exp. 30). 

Some plants use more of one kind of salt, some more of 
another. For this reason the farmer grows first one eroj), 
then another, on the same piece of land {rotation of crops). 

You see now the great differem^e between the nutrition 
of green plants and of animals. Animals digest their food 
and then absorb the products into the body. Hut these 
products were quite complicated compounds, such as 

^ Cliieiiy potassium nitrate, KNOg, 
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amino-acids and glucoses The plant, on the contrary, takes 
in carbon dioxide; and simple salts. 

Root hairs. If you grow cress seeds on wet blotting 
paper you will see that the young roots are covered by fine 
hairs. These root hairs are each of them a single long cell 
(Fig. 24). It is they which absorb the solutions from the soil. 




24. Root hafrs. A shows root hairs coining out from the tip of a 
root and penetrating the soil. B shows three root hairs more magnihed. 
Each root hair is seen to he one cell. Soil particles are sticking to 
the root hairs. 


It is easy to show that root hairs absorb water. If the cress 
seedlings are left in dry air. tlieir root liairs shrivel np. 
W aier evajiorates out of them. But when the seedlings are 
})ut onee more between wet blotting paper tlie root hairs 
swell out again by absorbing water (Exp. 11). 

Tlie water goes inwards into the root hairs owing to 
osmosis (p. 43). 1'Jicre is sugar inside the cells whieli 
attraets water inwards as it did into Amoeba, But in the 
plant cell th(;re is no need of a contractile vacuole. The 
cell wall prevents the cell from bursting. Owing to osmosis 
the cell becomes swollen out with water just as a lyrc' is 
blown out with air and is prevented from bursting by its 
outer cover. The swollen plant cell is said to be turgid, 
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Water thus gets into the plant by osmosis. But the salt^ 
dissolved in the water wliich is in the soil diffuse into the root 
hairs. If you carefully put a drop of ink into a glass of 
water it gradually colours all the liquid. The molecules of 
ink slowly move, or diffuse, between all the molecules of 
water. The molecules of ink diffuse from places where they 
are numerous to places where they are lew. The ink would 
diffuse in the same way if it had to pass through a piece of 
paper in the water. In just the same manner the salts in 
the soil water outside the root diffuse through the cell walls 
of the root hairs into the protoplasm inside. Tlie salts 
continue to move, or diffuse, in this direction, be(*ause once 
inside the root tliey are quickly removed elscwhcTc, as we 
shall see in a moment. For this reason there is always less 
of the salts in the root hairs than in the soil, and therefore 
the salts continue to diffuse inwards. 

Soil. Before we go on to see what becomes of the 
solutions tliat get into tlie roots, we must study the soil 
quite shortly. Soil is composed of solid })articles. They may 
be quite large, as in sand and gravel, or very small as in 
clay. Between the soil particles is air (Exp. 12). Around 
each particle is a film of water (Exp. 1.3), with salts dissolved 
in it. The salts form a very dilute solution. The root hairs 
are so fine that they penetrate betwxH;n the soil particles 
(Fig. 24) and absorb some of this water, together with the 
dissolved salts. 

If it rains, water fills the air spaces between the soil 
particles. The surplus rain water may tlien drain off, 
leaving behind it water films on the particles (Exp. 34). 
But if the water does not drain off, the soil becomes “water- 
logged ”. Tliis may kill some roots, for there is no longer air 
between the particles and air is needed for the respiration 
of the roots. 

In sandy soil, owing to the large size of the particles, 
water drains away rapidly, so that sandy soils tend to be dry, 
but the fine particles of clay hold the water. The best soil 
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lor many plants is loam, which is a mixture of large and small 
particles, giving a soil intermediate between sand and clay. 

Th(‘ upper layers of soil are usually dark in colour. They 
contain a brown matcTial called humus, made by the break- 
down of dead plants (Exp. 16). The complex diemical 
eoni})ounds in humus are slowly broken down into simpler 
(;ompoTinds by microbes (bacteria). Eventually they be- 
come th(* simple salts which plants can take in. Humus 
not only suj)plies plant food but it also attracts water, so 
helping to k(‘cp water in the soil. The soil v^aries in diffenait 
parts of the country, and as a result of this different plants 
ar(‘ found. 

Soil is du^ ov planished in order to break it up (Exp. 17). 
This allows roots to penetrate, it improv'es the drainage and 
it lets air in. One very important result of ploughing is that 
it l(*a\Ts the soil in a suitable stat(‘ for the bacteria to 
nourish wliieh have just been mentioned. We shall learn 
later on that earthworms do this work of breaking u}) thi‘ 
soil in uneultivated land. 

F'oRMATroN OF PROTEINS. The nitrates taken into 
tlie root from the soil are going to be used by the plant to 
build u]> ])roteins. Proieius, as you know, are compounds 
whieli Ibrm a very important part of living protoplasm. 
Sin(*e plants are always growing, more and more proteins 
<'ire obviously recpiired. Proteins contain the (‘lenients 
carbon, hpdrogrn, oxygen and nitrogen. F'or building up 
proteins, nitrogem is supplied by tin* nitroixs absorbed into 
tlic roots from the soil, where the bacteria had prepared 
them out of humus. 

^Hie otlier three elements required to make th(' proteins 
come from glucose. Now, we saw that the glucose was manu- 
la(;tured in the leaves (where it was temporarily turned into 
starch for storage). It is in the leaves that the glucose and 
nitrates combine together. The result of the combination is 
omhio-acids. You know already that these are the building 
stones out of which proteins arc made in animals (p. 9). 
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Once formed, these amino-acids are moved off in sohition 
from the leaves all over the plant to be combined together 
into 2m)teins wlierever proteins are required for the pro- 
duction of fresh protoplasm. 



Fig. 25. Vascular bundles. Photograph taken through the microscope 
of a thin section cut with a razor through the stem of a sunflower. 
The cell walls of the cells in the stem, and the vascular bundles, are 
clearly seen. 

Vascular bundles. Since the combination of 
glucose and nitrates to form amino-acids takes place in the 
leaves, it follows that the nitrates must move up the stem 
from the root to the leaves. The nitrates and other salts 
absorbed from the soil into the roots pass up the stem in 
solution in water. There are very small tubes in the roots and 
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stem along whiclx the solution passes. These tubes are 
grouped together in bundles, called vascular bundles. By 
cutting a stem across, you can see them (Fig. 25 and Exp. 
18). When they arrive at the leaves the vascular bundles 
divide up into many branches, called veins. 

Transpiration. What is it that draws water with 
salts dissolved in it (the sap) up the vascular bundles? 
I.eaves are all the time losing w^ater into the air by evapora- 
tion (Exps. 19 and 20). The water lost is replaced by more 
water being drawn up the vascular bundles (Exps. 21 and 
22). Evajxoration of water from the leaves is called tran- 
spiration, and the current up from the roots which replaces 
tile lost water is called the transpiration current. It carries 
the nitrates and other salts dissolved in the w%ater. 

It is very surprising what long distances water can be 
drawn upwards in vascular bundles by transpiration from 
leav^es, when you think that there arc giant trees in 
California over 250 feet high. You might have supposed 
that such long x ertical columns of water would break. It is 
the cohesion, or sticking together of the water molecules, 
which enables these very long columns of water in the 
vascular bundles to hold together. 

The uses of water in the plant. Transpira- 
tion moves the water with salts dissoh-ed in it up the 
stem. It is this (‘ontinual nnioval of salts away from the 
cells of the root that causes more salts to diffuse into the 
root hairs from the soil (p. 61). The salts are needed, as you 
know, for making new^ protoplasm. The xmter serves several 
purposes. First of all it is recpiircd to dissolve the salts and so 
move them up to the leaves. Secondly, water is the basis 
of all protoplasm, so the plant neeils it for that reason. 
Thirdly, water is required to unite with carbon dioxide in 
photosynthesis, and so make glucose and starch. Fourthly, 
the evaporation of water the leaves cool in the heat of 
the sun, just as you feed cool when wet after a bath. Fifthly, 
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water swells out cells owing to osmosis. You saw that 
root hairs are turgid. All healthy plant cells are in this 
state. 

The turgid state of the cells is one of the two ways in 
whicli plants keep stiff. When a cut plant withers^ water is 
lost from the cells by evaporation, and, since the cells are no 
longer turgid, the plant becomes flabby. If you put the 
stem into water, more water is taken in by the transpira- 
tion current, and the cells absorb water again by osmosis, 
becoming turgid onc‘e more. The other means that plants 
have of keeping stiff is by a skeleton of wood. This is much 
more important than turgidity in large plants. Trees get 
all their support from wood. 

The wStructure of a leaf. Let us see now 
just what the inside of the leaf is like, in which all these 
changes, photosynthesis, formation of amino-acids, and 
water loss, are taking place. If you strip off the outside layer 
of cells from a leaf and look at them under the microscope 
(Exp. 23) you will see that every here and there are pairs of 
cells unlike the others (Fig. 20). Between each pair is a hole 
leading into tlie inside of the leaf. Tlie holes are called 
stoinaia. Through them carbon dioxide enters the leaf, and 
oxygen and water vapour leave the leaf. 

Now look through the microscope at a thin section across 
a leaf (Exp. 24). The outer cells have cell walls which are 
thickest on the outside (Fig. 26). This thickening is the 
cuticle. Here and there you see a stoma cut across. On the 
upper side of the leaf, beneath the outermost cells, are long 
cells packed close together. Most of the chloropliyll is in 
these long upper cells, and in this way it best gets sunlight 
for photosynthesis. The chloropliyll is not evenly spread in 
the protoplasm, but is in small round bodies called chloro- 
plasts. Tlie cells in the lower part of the leaf form a sort of 
sponge with air spaces between them. Through these air 
passages the carbon dioxide gets in from the stomata to the 
cells with chloroplasts, and the oxygen (a by-product of 
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photosynthesis) and water vapour (transpiration) get out 
to the stomata. In the section you will also see veins, or 
vascular bundh'S, cut across. 



Kijr. 20. Section of pari of a leaf. This photc)f»raj)h taken ihronjjh the 
mieroseopc sliows the cells composing a leaf. The upj)erinost cells 
have cuticle on the outside. The numerous small round bodies in 
the other cells are chloroplasts. A stoma is seen in the middle of 
the upper surface, leading into a large air space. There arc air spaces 
between the lower cells. 


Watek economy. Plants have to be very careful 
not to lose too much water in transpiration. This is the 
reason for cuticle, stomata and air spaces. You will remem- 
ber the reason why our skin has a dead layer on the outside, 
and our lungs are enclosed inside the body (p. 26). For 
the same reason the leaf has internal air spaces, where 
evaporation is small, and a cuticle on the outside through 
which very little water can pass. And more tharf this, 
when the air is very dry, and therefore evaporation is 
great, the stomata close for the time being. 
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When the temperature of the soil is low, roots can 
absorb less water. So in winter there is a danger that more 
water would be lost by the leaves than could be replaced. 
Plants get over this dilficulty in various ways. Most trees 
shed all their leaves. Then transpiration ceases. Others, the 
evergreens^ like the holly and pine, have leaves with very 



Fig. 27. Young prickly pear cactus, 

thick cuticles. Still others, the annuals, such as the groundsel 
and the pea, die down altogether in winter, surviving through 
the cold season as seeds. 

We have seen that different soils account largely for 
different kinds of vegetation. But the amount of water in 
the atmosphere is another very important reason. A 
desert flora is very different from the flora of a rainy 
country. For the plants in a dry land have to do every- 

70 



ENERGY 


thing to economize water. Many of them, such as cactus 
plants (Fig. 27), are fleshy. They keep stores of water, 
absorbed on the rare occasions when they can get it. 

Energy source. You know now how plants feed, 
and how they build up proteins to make new protoplasm. 
They manufacture carbohydrates (glucose and starch) by 
photosynthesis in the leaves. Nitrates from the roots come 
up through tubes in the vascular bundles to unite with the 
glucose and form amino-acids. These amino-acids are then 
moved away from the leaves, through other tubes in the 
vascular bundles, to all parts of tlie plant, where fresh 
proteins are to be made for new protoplasm. 

But for most life processes energy is required. It is 
needed for growth, and for the movements of petals or 
leaves. It is needed to maintain the complicated chemical 
laboratory with which we compared protoplasm (p. 50) 
in working order. What is the source of this energy? 
Animals take potential energy into their bodies bound up 
in the carbohydrates, etc., of their food. Plants do not do 
this. Energy enters them in the form of light, and it is stored 
in potential form in the carbohydrates (glucose and starch) 
which they manufacture. Carbohydrates, then, contain 
energy both for animals and for plants. But while animals 
get their carbohydrates ready-made in their food, plants 
put the energy from sunlight mto carbohydrates for themselves. 

In animals energy is liberated from carbohydrate mole- 
cules which come from the food. In muscle, for example, 
carbohydrate is broken down to lactic acid, and the energy 
thus freed is used to build up a phosphorus compound, 
which, in turn, supplies energy for contraction (p. 11). 
But in plants the carbohydrate is not taken in as food. 
Glucose is first formed by pliotosynthesis in the leaves. Some 
of it is then broken down again on the spot as energy is 
required, oxygen being used up in the process. And some of 
the glucose is moved away via the vascular bundles to all the 
other parts of the j^lant to be used there to liberate energy. 
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But, just as in animals (p. 8), the carbohydrate has one 
of two fates. Part of it is used in this way to supply energy 
and part of it is required as one of the building materials 
for fresh protoplasm. 

Respiration and photosynthesis. In plants, 
for energy to be liberated from carbohydrate (glucose), 
oxygen is used up. The final breakdown products are carbon 
dioxide and water: 

CgHjgOg (glucose) -f- fiOg becomes fiCOg -f fiHgO. 

This is respiration (cf. p. 12). Oxygen is taken into the plant 
for respiration and carbon dioxide is given out (Exp. 25). 

But you wall notice that this is exactly the opposite of 
what happens in photosynthesis. For in photosynthesis 
carbon dioxide goes into the leaves and oxygen comes out. 
In other words, the glu(*ose is broken down in res])iration 
just as it was built up in photosynthesis. What happens, 
then, in green leaves? Do carbon dioxide and oxygen go in 
or come out? 

The answer is this: in darkness respiration alone occurs. 
Oxygen goes into the leaves and carbon dioxide comes out, 
via the stomata. But in sunlight, although the same amount 
of respiration goes on as in darkness, photosynthesis is 
much more active than respiration. So now carbon 
dioxide goes in and oxygen makes its exit. 

Animals depend on plants. Animals require 
proteins, fats and carbohydrates in their food. They cannot 
live without eating foods containing these compounds. 
But the only place in the world wdicre these' substances 
exist is in the bodies of other animals or of plants. Green 
plants, on the other hand, require only water, salts and 
carbon dioxide. It is clear, then, that all animal life on the 
earth must depend on plant life. Without gn‘en jfiants 
animals would get no food. It is true, of course, that 
carnivorous animals eat other animals, but these must get 
their food from plants. Animal life, in the end, exists 
thanks to chlorophyll and sunlight. 
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SUNDEW AND MISTLETOE 


APPENDIX 

UNUSUAL WAYS OF PLANT NUTRITION 

The sundew. There arc just a few plants which 
feed on animals. One of them is the sundew which grows in 



Fi^y. 28. Mistletoe, drawn by Malpighi ^ in 1679. Above: two 3 ’oung 
and one older mistletoe plants growing on a branch of a tree. Below: 
roots of the mistletoe penetrating into the tree’s tissues. 

boggy places. The leaves have hairs on them with sticky 
tips. When a small fly touches these it is held fast. Other 
hairs slowly bend over the insect and pour out digestive 

^ Pronounced in Italian “Mal-pce-gee”, with the accent on the 
middle syllable and the “g” hard. 
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enzymes on to it. The leaf then absorbs the digested tissues. 
The sundew ])elongs to the grec'ii plants : it earries on photo- 
synthesis of earbohydrates. But it gets its nitrogen eom- 
pounds from animals, not from the soil: it is carnivorous. 

The mistletoe. This is a plant whieh has chloro- 
phyll, but it gets its water and salts out of another plant 
instead of from the soil. It is found growing on the oak and 
other trees (Fig. 28). The roots penetrate the stem of the 
oak and absorb the solutions out of its vascular bundles. 
Since the mistletoe lives on another living plant it is called 
a parasite. 

PRACTICAL WORK 

Exp. 1. Warm pieces of a plant in a test-tube: they give oH 
water. 

Exp. 2. Heat a piece of plant until it chars. 

Exp. 3. Heat crushed peas with soda lime in a test-tube. 
Ammonia is given off, 

Exp. 4. Expose lime water to the air until it becomes milky, 

Exps. 5 and 6. Explanation in text. 

Exp. 7. Fill a beaker with tap water containing brom-thymol 
blue, and put a piece of pond weed such as FJlodea into the 
water. Blow tlirougli the water until its colour becomes ytdlow. 
Arrange an inverted filter funnel over the plant with the stem of 
the funnel projecting into an inverted test-tube full of tlie water. 
Expose the beaker to sunlight. Bubbles of gas will collect in the 
test-tube. The gas can be shown to ignite a glowing splinter. At 
the same time the colour of the indicator changes to green as 
carbon dioxide is abstracted from the water. 

Exps. 8 and 9. Explanation in text. 

Exp. 10. Grow bean or pea seedlings until the roots are a few 
inches long. Prepare four <juart jars with Hat corks and label 
them a, h, c and d. F'ix each seedling into a cork having a hole 
in the middle of it and a slit from the hole to the edge. Make 
another hole in each cork for a stick to tie the plant to. Put the 
solutions given below into the jars. Keep plant and cork quite 
dry. Darken the roots by brown paper round each jar. Add 
distilled water periodically to make up for evaporation. 
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Prepare the following solutions. Dissolve in 1 litre of dis- 
tilled water: («) 1 gram calcium nitrate, 0-25 gram each of 
magnesium sulphate and potassium acid phosphate, 0*1 gram 
potassium chloride, and add 2 drops of iron chloride; (h) the 
same with calcium sulphate in place of calcium nitrate ; (e) as (a) 
but sodium chloride in place of potassium chloride, and sodium 
phosphate instead of potassium phosphate. Put these solutions 
into jars a, b and c respectively, and put distilled water into 
jar d, filling each jar three-quarters full of liquid. 

Watch and measure the growth of the seedlings in each jar. 

Exp. 1 1 . Grow cress see filings between wet blotting paper. Ex- 
amine the root hairs. Expose to dry air ; the root hairs collapse. 
They swell out again in damp air under w et blotting paper. 

Exp. 12. Plunge a flower pot full of soil under water : bubbles 
rise to the surface. This is air from bc'tween the soil particles. 

Exp. 13. Weigh some fresh soil. Dry it at room temperature 
and again weigh it. The difference is the water available for 
roots. Then dry it in an oven for a couple of hours. Re-weigh it. 
The loss is water which roots cannot absorb. 

Exp. 14. Put a perforated tin disc in a funnel. Place some* 
dried soil in the funnel. Pour a measured volume of water on the 
soil. If you measure the water that runs through, it will have 
loss than the original volume. 

Exj). 15. Tie muslin on one end of a lamp chimney. Fill it 
with dried and powdered soil. Stand the miislin-cov(*red bottoni 
in water. Sow cress seeds on the top. Water will rise and allow 
the seeds to sprout, 

Exp. 10. Mix soil with water to make a paste. Put this in a 
bottle, fill w itli water and shake thon>ughly. Leave the bottle 
for some time. Sand grains go to the bottom, smaller clay 
particles settle above, and floating at the top is the black humus. 

Exp. 17. Examine soil before and after ploughing. 

Exp. 18. Cut across the stem of a wallflowTr or other plant 
with a sharp knife and look at the vascular bundles with a lens. 

Exp. 19. An inverted glass bottle with a wide ntouth is 
placed over a young growing plant. A cork is bored to tit the 
stem, cut in two so that it can be placed round the stem, and 
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then fitted into the mouth of the bottle. Water drops appear on 
the inside of the bottle. 

Eocp, 20. Take a plant growing in a pot and cover the soil with 
an india-rubber sheet to prevent evaporation. When the pot is 
put on the scale of a balance, the loss of water from the leaves 
can be measured. 

Eccp. 21. Cut the end of a grass or narcissus leaf under red 
ink, and watch the ink rise in the vascular bundles. 

Eup. 22. The transpiration current can be demonstrated and 
its rate measured under different circumstances as follows. 
Make three holes in a cork bung fitting into a wide-mouthed 
bottle. Into one hole place the cut stem of the branch of a 
shrub. It must fit exactly into the hole. Into the second hole 
fit a glass funnel with a stopcock. Make a right-angled bend at 
one end of a piece of thermometer tubing about a yard long. Fit 
the bent end into the third hole in the bung so that the long 
limb of the tube is horizontal. Pour water through the funnel 
until the bottle is completely full and the water Hows to the 
open end of the thermometer tube. Close the stopcock. Tran- 
spiration will cause the water to move inwards along the 
thermometer tube. The rate of movement can be measured. The 
plant can be placed in sunlight and in the sliade, it can be 
covered with a bell jar and be exposed to a draught, to show the 
varying rates of transpiratifui. 

Exp. 23. Strip the outer layer off a leaf of narcissus or bean, 
mount it in water and examine it under the microscope. 

Exp. 24. Examine a swtion across a leaf under the micro- 
scope. 

Exp. 25. Put onions sliced in two, or sprouting beans, into a 
closed jar. Keep the jar in a warm place for a (lay. Pour the 
carbon dioxide gas formed into a jar of lime water and shake. 
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CHAPTER VII 


COLOURLESS PLANTS 

I. YEAST 

All plants arc not green. Some of them have no chloro- 
phyll. The mushroom, for instance, has none. Such 
colourless plants are not able to manufacture their own 
carbohydrates. They cannot manage photosynthesis. Like 
animals, they have to get their sugars ready made. As to 
the source of their nitrogen, different colourless plants 
take in this element in the form of various quite different 
compounds. 

One of these colourless plants is yeast. It is put to two 
uses by man, for brewing and for making bread. Just as 
Amoeba is an animal which is a single so yeast is a 
one-celled plant. It lives in water that has the necessary 
food in solution in it. Looked at under the microscope, yeast 
cells have an oval shape (Fig. 29 and Exp. 1), Some of the 
cells have bumps on their sides. These cells are multiplying. 
A yeast cell reproduces by this very simple means of growing 
out a new cell, or hud, on its side. Later on the new cell comes 
free. Sometimes a bud, before it has come off, lorms an- 
otlier bud on itself. In this way whole chains of yeast cells 
may be formed. In a proper food solution, yeast reproduces 
at an enormous rate, so that a very short time after a few 
cells have been put into the liquid, it is swarming with 
their descendants. 

Fermentation. A food solution suitable for yeast 
to grow in must contain sugar, in addition to other chemical 
compounds. The plant takes in glucose. lAke other plants, 
it uses part of the sugar to combine with nitrogen com- 
pounds and so build up proteins, and part of it for energy 
liberation. But the latter is peculiar. For yeast can do witli- 
out oxygen. This is called fermentatiori. Instead of glucose 
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being broken down and finally oxidized to carbon dioxide 
and water for the freeing of energy as in the respiration 
of other plants and animals, glucose can be turned by yeast 
into carbon dioxide and alcohol without any oxygen being 
taken up (Exp. 2). The equation is as follows: 

CgHiA + 2CO2 

(glucose) (alcohol) (carbon dioxide) 



Fig. 2a. Yeast cells under the microscope. Successive stages of 
budding are seen, leading to the formation of chains of cells. 

The yeast can free energy in this way for its life pro- 
cesses. But it gets much less energy by fermentation than 
if the glucose molecules were completely broken down and 
finally oxidized to carbon dioxide and water as in respiration 
(pp. 12 and 72). You can easily understand this when you 
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think that one of the products, namely alcohol, still con- 
tains a lot of energy. You could get this energy out of 
alcohol by burning (oxidizing) it. In consequence of this, 
to obtain a certain definite quantity of energy twelve times 
more sugar must be fermented by yeast than if the sugar 
had been completely broken down in respiration. For this 
reason a relatively small amount of yeast uses up large 
quantities of sugar and produces correspondingly large 
amounts of alcohol. 

Beer and wine. This power of yeast to turn a 
large (juantity of sugar into alcohol is made use of in 
brewing beer and making wine. 

In making heer^ barley grains are first wetted, so that 
they sprout. When the grains sprout, the starch in them 
turns into sugar (p. 187). Jt is tliis sugar that is going to be 
fermented later on by the yeast. The sprouting grains are 
next licated to kill them. The product is called malt. Then 
malt is put into hot water to dissolve out the sugar. The 
resulting liquid is xvort, TJiis is boiled with hops, which give 
a sjK'cial taste. Finally yeast is added to the cooled licjuid 
and the yeast slowly makes alcohol from the sugar. Thus 
the liquid turns into beer. 

For wine, the sugary li(juid to be fermented is made by 
pressing ripe grapes. No yeast has to be added, for it is 
always present on the outside of the gra})e skins. The 
different kinds of wine depend on the kind of grape used 
and on the soil and climate in which it has grown. For 
sparkling wint*s, the last stages of fennentatioji go on in the 
bottles so that the carbon dioxide is retained, getting up a 
considerable pressure. 

Yeast is used by bakers to leaven the bread, Carl)on 
dioxide gas from the fiMmcntation makes holes in the dough 
and so the bread is light. 
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IT. BACTERIA 

Bacteria, or microbes, are made up of one cell only, 
like yeast, but are smaller. They are almost the smallest 



30. Bacteria, Some arc chains, because when the cells rlividc the 
new cells do not at once move apart, a are from pus (p. 80), c from 
dirty flower water; d cause cholera (like they move by cilia), 
€ tetanus (lock-jaw) and / anthrax (p. 331), spores are forming in 
e and/; g turn butter rancid; h causes tyi^hoid and i syphilis, 

living things.^ Some are not more than yiyVd raWW- 
metre long. Yet bacteria are of extraordinary im- 

^ A virus is smaller still. Some viruses are parasites in the human 
body causing certain diseases, for example measles and small-pox. 
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portance in nature, just as green plants are immensely 
important. 

Green plants build up protoplasm from the simplest 
chemical compounds. Bacteria break down the substance 
of dead animals and plants, finally turning it again into 
those simple compounds which are the food of green plants. 
Without bacteria the earth would be littered with dead 
plants and corpses. Bacteria, too, as you will see, change 
the nitrogen of the air, which is useless to green plants, into 
nitrates in the soil which crops can use. Thus they are of 
great importance in agriculture. Bacteria are also of direct 
importance to man in another way. For some of them 
cause deadly diseases. And, like yeast, other bacteria 
produce useful fermentations, such as in the ripening of 
cheese, the production of vinegar, and the curing of 
tobacco. 

Bacteria are of various different shapes. Fig. 30 shows a 
number of them (Exp. 8). They live in water which contains 
substances in solution serving as their food. 

Reproduction. Bacteria reproduce by the cell 
dividing into two cells, each of which then grows to the full 
size. This reproduction and growth is extraordinarily rapid. 
A bacterium may divide into two every twenty minutes. If 
it only does this once every hour, over a million indi- 
viduals will arise from a single bacterium in a day. 

Spores and distribution. A thick wall is often 
formed within the cell of a bacterium. The protoplasm 
surrounded by this thick cell wall is called a spore. The 
spores are extremely hardy. They are not killed by drying 
like the ordinary form of the bacteria, and they survive 
being heated to higher temperatures than these can stand. 

Spores are blown about in the wind, and this is the way 
that many bacteria are spread from place to place. Those 
kinds of bacteria which do not form spores are spread about 
in very small drops of water attaciied to dust particles in 
the air. 
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Putrefaction. The food of different kinds of 
bacteria is very different. Many live on proteins, cellulose 
and other substances that make up animals and plants. 
When the animals or plants die, bacteria, arriving with the 
wind, use their bodies as food. The bacteria use some of the 
chemical substances in dead animals and plants to build up 
their own protojdasin. They use much of these substances to 
get energy. Sometimes oxygen is required (respiration), 
sometimes no oxygen is needed (fermentation). The result 
is the breakdown of dead bodies. This is called decom- 
position or putrefaction. Many of the compounds that 
result are evil-smelling gases. When the work of bacteria on 
a dead animal or plant is finished, and various gases have 
gone off into the air, among the substances remaining there 
are compounds of nitrogen. Other bacteria then turn these 
compounds into nitrates. 

Circulation of nitrogen. You see then that 
not only do bacteria clear corpses out of the way so that 
there is room on the earth for more animals and j>laiits, but 
they also make proteins into simpler nitrogen compounds, 
whi<*h can become the food of green plants. The proteins of 
dead bodies are useless to green plants as food. But 
bacteria turn them into nitrates, which you know to be the 
nitrogen source for green plants, to be built up again into 
proteins in the plants. In this way there is a never-ending 
eirculation of nitrogen through green plants, bacteria, and 
green plants again. Or it is through green plants, animals 
which eat them, bacteria, and then green plants. 

Nitrogen fixation. In putrefaction some nitro- 
gen goes off into the air as gas. Jiut you know that this is 
useless to green plants. How is it then that the nitrogen 
which plants can use is not always getting less and less? 
The reason is that there are certain bacteria which use 
nitrogen gas to build their protoplasm. They “fix” 
nitrogen. When they die their protoplasm decomposes in 
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the usual way and the nitrogen again aj^pears as nitrate. 
Many of these bacteria live in the soil, and some of them 
live inside the roots of plants of the pea and bean family 
(Exp. 4). The bacteria take in and use nitrogen out of the 
air which is between the particles of soil. 

When crops, for example of corn, have used up most of 
tlie nitrates in tlie soil of a field, the farmer grows plants of 
the pea family, such as clover. Later on he ploughs their 
roots into the land. This enriches the land with nitrogen 
compounds because the bacteria in the roots of the clover 
have taken into themselves nitrogen from the atmosphere. 

Circulation of carbon. Carbon dioxide is 
taken from the air by green plants and built by photo- 
synthesis into carbohydrates. It returns to the air when 
plants and animals respire. Carbon dioxide gas is also 
given off into the air in putrefaction. So there is not only a 
<areulation of nitrogen but also of carbon (Exp. 5). 

Sterilization. Bacteria, like all living things, are 
killed by heat. The spores can stand heating best, but all 
spores are killed at 120® C. when moist. When not in the 
state of spores, 50® C. is enough to kill most bacteria. Wlien 
food is to be preserved in tins it is first cooked. The heat 
kills all bacteria which otherwise would have caused the 
food to putrefy. The tins are then sealed to prevent other 
bacteria from getting in. Cold does not kill bacteria, but 
it stops their activities and reproduction. Hence cold 
storage keeps meat from going bad, and larders should be 
kept cool. 

Water can be freed from bacteria, or sterilized^ by 
heating it or by passing it through a filter. This may be 
made of porcelain. In the water supply to towns the water 
is treated with chemicals which poison the bacteria, and it 
is filtered through beds of sand to trap them. 

You could not tell by looking at a drop of drinking 
water under the microscope whether or not it had baoieria 
in it, for they are in any case too few and far apart to be 
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seen. The way the water is tested is this. A drop of the 
water is put into a sterilized soup, or on to the surface of 
a sterilized jelly, containing food for the bacteria. If any 
are present in the drop they will soon multiply so much in 
the soup or on the jelly that they can be seen and studied 
under a microscope. 

Spontaneous generation. It was believed 
once that frogs were formed from mud and worms from 
dead animals. Long after it had been proved that this was 
false, it was still thought that bacteria might be formed by 
putrefaction. This was difficult to disprove, because the 
spores blown by the wind are so small. But the great 
French biologist Pasteur settled the question seventy years 
ago. Soups, or other foods for bacteria, can be sterilized 
by heating, and then they will remain sterile for ever pro- 
vided they are shut off from the air. This proves that 
bacteria arise only from other bacteria. All living cells 
arise from the division of other living cells. 

When life first appeared on the earth, cells must have 
been formed out of something which was not living. But 
to-day there is no evidence that any cells, whether bacteria 
or others, can suddenly appear out of something that is 
not living. 

Disease. Some bacteria live and feed, not on dead 
bodies, but on living animals. They are parasitic. We have 
met with one parasitic plant already, the mistletoe. This is 
an external parasite. It feeds from another plant, its host^ 
but is on it, not inside it. The flea is an external parasite on 
its host, man. But some bacteria can live inside our bodies. 
They are internal parasites. It was again Pasteur who first 
showed that many diseases are due to such bacteria. This 
great discovery was the commencement of modem medicine. 

Diseases are caused by certain chemical substances 
which are formed by the bacteria. These substances are the 
excretions or waste products of the bacteria living in our 

84 



DISEASE 


blood or tissues, and they upset the delicate and compli- 
cated chemistry of our bodies. The result is disease. 

Infection. Such parasitic bacteria can get into the 
body in one of two ways. One way is through a wound. Dirt 
containing the bacteria may infect the wound. The other 
way is through the throat. Our mouths and throats always 
contain many different kinds of bacteria. Some, if they got 
into the blood, would cause a disease. But in the ordinary 
course they cannot get in. Only when, from some reason or 
another, the chemical defences of the throat are weakened 
by ill health do the bacteria make a breach and get into the 
blood, and then the fat is in the fire. 

A diseased person may have in liim bacteria which arc not 
present in your throat at all, or at any rate bacteria which 
are in a much more active and dangerous condition than 
those in your throat. You can get infected either (1) by 
touching the diseased person, getting bacteria on to your 
fingers from his mouth or a wound, and then putting them 
into your own mouth. Or (2) he may infect you by coughing 
or sneezing and so lilling the air with bacteria which you 
then breathe in. 

Antiseptics and aseptic surgery. Modern 
surgery is possible both owing to anaesthetics, like chloro- 
form or ether which put tlie patient to sleep, and to 
antiseptics, such as carbolic acid and iodine. Antiseptics 
are })iaced on a wound or surgical cut to kill bacteria whic^h 
would infect it from the air and cause blood poisoning. 
Lord Lister introduced antiseptics half a century ago. But 
surgical operations to-day are not only antiseptic, they are 
also aseptic. This means that the 1 lands of the surgeon, his 
instruments, and the dressings, are all sterilized and so are 
free from any bacteria. 

Immunity. If a person recovers from a disease, the 
course of the disease is as follows. First the bacteria in the 
blood inultijily enormously and the patient is ill. Then 
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slowly the body manufactures chemical substances which 
liarm the bacteria. These substances are called antitoxins. 
Either the antitoxins will kill the bacteria in the body or 
they make the bacteria tasty for the white blood corpuscles 
in the blood. You will remember that these are like Amoeba 
(p. 52). They eat and digest the bacteria. Then the corpuscles 
in turn die. When large numbers of dead corpuscles are 
together they form pus. 

Now, everyone knows that when a person recovers from 
a disease, such as scarlet fever or measles, he cannot catch 
the illness again, at least for some time. lie is said to be 
immune. This is because the body has made so mucli anti- 
toxin that it prevents any of the particular kind of microbes 
which cause that disease from living if they happen to get 
into the blood again. 

But it is possible to make a person immune to a disease 
without his ever having it. There are several ways of doing 
this, according to the particular disease. For small-pox the 
method is vaccination. People are given a very mild attack 
of a disease of the calf which resembles small-pox. In reply 
the human body makes quantities of small-pox antitoxin. 
For typhoid, inoculation is practised. Dead typhoid bac- 
teria are put into the body by means of a hypodermic 
syringe. The result is the production in the blood of the 
typhoid antitoxin. 


III. FUNGI 

Moulds which grow on food that is going bad are 
plants. They are colourless plants without ciilorophyll, like 
yeasts and bacteria. They only grow in places where the air 
is damp. One of the commonest moulds is called M ucor. If 
you look at it with a lens (Exp. 6), you will see a lot of thin 
white threads which branch (Fig. 31). If the mould is 
growing on jam some of the threads are in the air, others 
are down inside the jam. The threads of Mucor are not 
divided into cells like other plants. Inside the cell wall the 
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protoplasm with its numerous nuclei is not divided up by 
partitions. 

Food. Mucor takes in its carbon in the form of sugar. 
It can take its nitrogen from various different nitrogen (com- 
pounds. It can grow on such simple compounds as nitrates, 
but Mucor flourishes on much more complicated nitrogen 



Fig. ai. Mucor. A shows tlie branching threads with sporangia at 
the tips of tlie upright branches. B is a sporangium more magnified. 
It is packed with spores. 

food. It can live on dead plants or animals, wliere bacteria 
are breaking down the proteins. The mould takes in the still 
complicated nitrogen (compounds that result from tlie first 
stagers of putrefaction. Such plants which feed on the juices 
of dead plants or animals are called saprophytes. Parasites, 
you will remember, feed on the living bodies. 

Mucor requires oxygen for its respiration. The^threads 
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only penetrate into the top layers of jam, for tliere is not 
enough oxygen further down. 

Reproduction. Mucor reproduces in two ways. 
The commonest way is by the formation of spores. Branches 
of the threads grow straight upwards. On the top of each 



Sexual reproduction of Mucor: photograph taken tlirougli 
the nucroscope sJiowing four stages in tlie formation of black zygotes 
])etween the swollen ends of threads. ((^ G. C. Chesters.) 

branch is a knob, called a sporangium (Fig. 31). Each 
sporangium with its stalk looks like a small pin. Inside 
the sporangia are numerous round spores. When the 
sporangium is ripe its wall bursts and the spores are shot 
out. They float about with dust in the air. Such spores are 
everywhere in the air, and so all food when damp goes 
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mouldy. Spores fall on it and grow out into the threads of 
a new mould plant. 

Less often Mucor reproduees in another way. Short 
branches grow club-shaped ends. Two such knobs come to- 
gether and join (Fig. 32). This is called conjugation, Wiiere 
the two branches have joined, a round ball is formed be- 
tween the knobs. It is called a zygote. The zygote has a 
thick wall which is dark coloured and spiky. After a time, 
when the Mucor plant dies through being dried up or 
having no more food, the zygote comes free. The thick wall 
protects it from drying up, and later on, when the air is 
damp again, a new Mucor plant will grow out from it. 

Conjugation and its result is sexual reproduction. When- 
ever two parts of a plant or an animal fuse together and 
from their union a new generation is produced, this is 
sexual reproduction. The formation of sporangia and 
sj)ores is asexual reproduction. Here there is no union. The 
division into two by Amoeba or bacteria and the budding of 
yeast is also asexual reproduction. 

Notice that the zygote of Mucor, like tlie spores of 
bacteria, is the resting stage of the plant. The thick cell wall 
resists drying up. The spores of Mucor ^ like the division oi‘ 
bact(*ria into two, are the method of multiplying or in- 
creasing the number of plants. 

Fungi. Mucor belongs to the group of colourless 
plants called Fungi. There are many different kinds of these. 
Some are greenish blue? moulds (the colour is not chloro- 
phyll) such as the fungus growing in gorgonzola cheese. 
The mushroom is another fungus. The whole of the mush- 
room plant is not seen unless you look for it. Much of 
it consists of threads like Mucor, living below^ tlie ground in 
manure and in humus, which, as you know, is made of 
deca}'ing plants. The part which we eat bears the spores. 
If you leave the head of a mushroom for a day on a sheet of 
paper the spores fail out and you can see them (Exji. 7), 
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PRACTICAL WORK 

JBirp. 1. Examine yeast in water under the microscope. It 
can be purchased at the nearest bakery. 

Exp, 2. Grow yeast in a test-tube in a solution made up as 
follows : peptone 1 gram, maltose 5 grams, potassium phosphate 
0-y gram, magnesium sulphate 0*5 gram, in 1 litre water. Keep 
the culture in a warm place. Instead of the above solution, a 
2 per cent, solution of malt extract bought at a chemist's may 
be used. Fit a bored cork to the test-tube with a bent tube 
leading into lime water. The latter will turn milky, showing that 
carbon dioxide is formed, and alcohol can be smelt in the test- 
tube. 

Exp. 8. Examine the bacteria from a hay infusion under a 
high power of the microscope. 

Exp, 4. Look at the nodules on the roots of a plant of the pea 
family. 

Exp. 5. Make diagrams to illustrate the circulation of nitrogen 
and of carbon in nature. 

Exp, 6. Cultivate Miicor on horse dung, on sliced tomatoes, 
or on stale bread which has been damped. The culture must be 
kept damp and warm. Examine the mould with a lens, looking 
for sporangia and zygotes. 

Exp. 7. Mushrooms: explanation in text. 
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THE LOWER GREEN PLANTS 

So far we have studied green plants wliich have leaves, 
stem and roots, and colourless plants having a very much 
simpler structure. There are also numerous simpler green 
plants. Examples of these are the green scums on ponds, 
seaweeds, mosses clmA ferns. These may be called lower, and 
plants like a buttercup or a tree higher green plants. Sea- 
weeds, pond scums and Chlamydomonas, which we shall 
study next, arc grouped together as Algae. 

I. CHLAMYDOMONAS 

This plant lives in ponds containing farmyard refuse. It 
is a single cell of microscopic size and it swims about (Exp. 
1). Fig. 33 A, shows its shape. The cell is surrounded by a 
cellulose cell wall. It swims actively by the lashing of two 
long cilia at its front end. Inside is a single basin-shaped 
green chloroplasi (see p. 68). Hidden in the protoplasm 
within the basin there is a nudeus. At the front end are a 
red spot and tw^o contractile vacuoles (see p. 43). 

Chlamydomonas feeds like a higher green plant. That is 
to say, it absorbs carbon dioxide, and makes glucose and 
starch by photosynthesis. The carbon dioxide is of course 
in solution in the water surrounding the plant. From the 
water it also absorbs nitrates, and, joining these to glucose, 
builds up its proteins. 

Reproduction. There is both asexual and sexual 
reproduction. 

In the asexual reproduction the cell first stops swimming 
and draws in its cilia. The nucleus divides into two and 
then the whole protoplasm, including the chloroplast, 
divides. There are now two cells inside the old cell wall 
(Fig. 83 B). Each new cell makes itself a new cell wall and 
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grows cilia. Then the daughter cells break out of the old 
cell wall of the mother, swim away and grow to full size. 
This is really like the reproduction of Amoeba or bacteria. 
Often each daughter cell divides again before cilia are 
formed. Then four small cells swim out of the cell wall of 
the original mother cell (Fig. 33 C, D). 



Fig. Chlamydonumas, A is a swimmincj cell. r. cilium ; chi. chloro- 
plast; c.v. contractile vacMiole; c.tv. cell wall; ti. nucleus; n. red spot. 
B~l), staj^cs of division into four new individimls. 

In sexual reproduction the cell divides into two daughter 
cells and these divide again several times, so that a number 
of small cells swim out. They are called gametes. The 
gametes then unite together or conjugate in pairs. They join 
by their front ends, slipping out of tlieir cell walls (Fig. 34). 
The nuclei of the two gametes join to form a single nucleus. 
The result of the conjugation is a zygote (compare Mucor). 

The zygote makes itself a thick cell wall. As in Mucor it 
is the resting stage and can stand being dried. In this way 
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Chlamydomonas survives if the pond dries up. Later on the 
zygote divides and forms two or four ordinary ceils with 
cilia, which swim off. 



Fig. 34. Conjugation of Chlamydomonas. A, gametes approaching; 

H and C, stages of fusion; D, zygote. 

In some kinds of Chlamydomonas all the gametes arc of 
the same size. But in other kinds they are of two sizes, 
large and small. The large gametes are formed from one 
mother cell, the small ones from another. In conjugation a 

98 



THE LOWER GREEN PLANTS 


large gamete always unites with a small one. Two large 
gametes do not fuse, nor two small ones. The small gametes 
are called male, and the large gometoa female, 

11. SPIUOGYRA 

If you collect some of the green scum from a pond, you 
will often find it made of very fine hairs or threads. One of 



Fig. 35. Sjnrogyra. The upper photograph sliows two complete cells 
with nuclei and spiral chloroplasts. The lower photograph shows two 
threads wliich have conjugated. The cell walls of one thread are 
empty, those of the other contain zygotes. Bridges between the 
threads are seen, across which the male cells moved to conjugate 
with the female cells. (W. Leach.) 

the commonest kinds of these plants is Spirogyra, Under 
the microscope the threads are seen to be unbranched and 
made of long cells end to end (Fig. 35 and Exp. 2). Inside 
the protoplasm of each cell there is a green spiral ribbon. 
This is the chloroplast. It is spiral instead of being round as 
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in the cells of leaves, or basin-shaped as in Chlamydomonas, 
Having chlorophyll, Spirogyra feeds just like other green 
plants. 

The inside of each cell is not filled by protoplasm. The 
greater part of the protoplasm is a lining inside the cell 
wall, while the middle of the cell is filled by a solution of 
salts in water. This solution is called the cell sap and the 
space it occupies is the vacuole. The spiral chloroplast is in 
the outer lining of protoplasm. The nucleus is sometimes in 
the centre of each cell. It is surrounded by a thin layer of 
protoplasm which is suspended from the main outer layer 
by protoplasmic strands. You can see this in the living 
cell and in Fig. 5i5. 

The sexual reproduction of Spirogyra is curious. You can 
sometimes find the threads joined side by side with bridges 
between thos(‘ cells which are opposite one another. These 
bridges have grown out from the cells of two tlireads which 
happened to be near tog(‘ther. When the bridges have been 
formed, all the contents of the cells of one thread move 
across them into the other thread. Then one thread has 
nothing left but empty cell walls, while the other thread 
has two lots of protoplasm and two nuclei within each cell 
wall. The two nuclei fuse, and so a zygote is formed inside 
each cell wall of one thread (Fig. 85), 

The cells of the two plants that joined together were 
gametes, since they produced zygotes. The gametes which 
moved across the bridges were male and those which 
received them were female. As in Mucor and Chlamydo- 
monas, the zygotes form thick cell walls. Then they come 
loose from the thread, fall to the bottom of the pond and 
can resist drought. Later on each zygote grows into a new 
Spirogyra thread. 
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III. LIVERWORT 

In damp places near waterfalls or in marshes, and also in 
greenhouses, there are small green plants called liverworts. 
Pellia is the name of one of them (Exp. 3). It is flat and 
tufted (Fig. 36). Pellia can grow only where the air is damp, 
for it has no thick cuticle (see p. 69). But if it gets dried up 
it can remain alive in the dry condition, and when wetted 
again it takes up water and resumes active life. 

The body of the plant has neither stem nor leaves. Most 
of the cells contain chlorophyll, but those underneath 
r(‘scmble root hairs. These are called rhizoids. They 
absorb nitrates and other salts in solution from the ground, 
while the green cells take in carbon dioxide from the air. 
Pellia, then, altliough it is very much simpler than a higher 
plant such as a wallflower, is a step ahead of Spirogijra. 
Instead of all the cells being alike there are two kinds, one 
for absorbing salts, the other for photosynthesis. And there 
is another advance on Spirogyra. In sexual reproduction 
all the cells of Spirogyra could become gametes, but Pellia 
has special cells set apart for this pur))ose. There are male 
organs and female organs to produc^e the gametes. Both 
kinds of organs are on the same- plant. 

Sexual reproduction. The male organs (Fig. 
30) produce numerous male garnetes, called spermatozoids 
(Fig. 37). Each spermatozoid is a single cell, of a spiral 
shape, whi(;h has two cilia at its front end. It can swim 
actively in water by means of the cilia. The fernale organs 
are flask-shaped (Fig. 38). Inside each is a single female 
gamete, the egg cell. When there is rain water on the plant 
and the male organs are ripe the latter burst and the 
spermatozoids swim out. The female organs produce a 
chemical substance which attracts these spermatozoids. 
The spermatozoids swim down the neck of the female organ 
and one spermatozoid unites with the egg cell. The nucleus 
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ol‘ the spermatozoid fuses with the nucleus of the egg. 
The result of ttie fusion of the two gametes is the zygote. 


Fertilization. You notice that the 
male and female gametes are less like one 
another than they were in Chlamydomonas 
or Spirogyra, The spermatozoid is small and 
can swim so that it may reach the egg. The 
egg does not swim and it is larger because it 
contains a store of food for its future growtli. 
The male gametes are very numerous, thus 





Fif(. as. 


Pi^. 30. Pellia. Plant scon froin above, m. male organs; rh, rliizoids. 
Fifr. 37. Spermafoznid of a livenmrt as seen under the microscope, 
showinj^ the spiral sh5i])e and two loii^^ cilia. 

Fig. 38. Female or^an of a liverwort. This is an enlarged drawing of 
a section cut tlirough the female organ. The egg cell (r.) is seen, and 
the canal (c.) down which the spermatozoid swims to fertilize the 
eg«. 


at least one may get to each female gamete. But there 
is only one egg cell in each female organ, for it is ex- 
pensive for tlie plant to stock these cells witli food. The 
union of spermatozoid and egg is called fertilization. It is 
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really the same t hing as conjugation, but this word is kept 
for eases when the gametes are less unlike one another, as 
in Chlamydomonas, Spirogyra or Mucor, 


Body and gametes. You notice also that in 
only certain cells of the plant become gametes. They 
cannot all do so as \n Spirogyra or Chlamydornonas, In Pellia 
most of the cells are unable to reproduce and form new 
plants. They are bound to die in time. But with luck the 
reproductive cells, the gametes, can live on into another 
generation. We saw the beginning of this difference between 
plant body and reproductive 
cells in Mucor. Only the ends 
of certain threads of Mucor 
became gametes and formed 
zygotes: the rest of the threads 



eventually died. 

Spores, The zygote, or fer- 
tilized egg cell, of Pellia does 
not grow straight away into 
another Pellia plant. It pro- 
duces a structure called the 
sporogonium, within which 
spores are formed. A stalk 
grows up into the air with a 
capsule on its top (Fig. 39). 

In this capsule numerous spores 
are formed. When ripe the capsule splits into four quarters 
like a star and the spores are scattered. Each of the spores 
can then grow into a new plant. The production of spores 
is called asexual reproduction. 


Fi^?. 39. Pellia, The plant (;>.) 
bears the sporogonia (sp.). On 
the right the sporogonia are 
young, on the left their cap- 
sules have opened, liberating 
the spores. 


Alternation, The liverwort reproduces both sexu- 
ally and asexually. So did Mucor and Chlamydomonas. 
But there is a difference. In the liverwort the zygote is 
always followed by spore formation. Asexual reproduction 
always follows on sexual. Then the spores grow into fresh 
liverwort plants, which again produce zygotes and then 


98 



MOSS 


spores, and so on. In other words, sexual reproduction 
alternates with asexual. This was not so with Mucor and 
Chlamydomonas, Sometimes they reproduced sexually, 
sometimes asexually, but there was no order about it. 

IV. MOSS 

Moss plants have leaves and stem as well as structures 
resembling root hairs called rhizoids (Fig. 40 and Exp. 3), 
yet there is none of the complicated structure you saw in 
the higher plant. The leaves, for instance, consist of just a 
single layer of cells, nearly all of them alike. 

Sexuai. reproduction. The moss plant lias maie 
and female sexual orgayis. The male organs (Fig. 41) are 
on tile ends of branches surrounded by leaves. Each male 
organ produces numerous male gametes, the spermalozoids. 
These are single cells of a spiral shape which can swim in 
water by means of two cilia. The flask-shaped female organs 
have a single female gamete or egg cell in the centre of each. 
They are very like the female organs of the liverwort 
(Fig. 88). In wet weather the male organs let loose the 
spermatozoids. These arc probably attracted by a chemical 
produced by the female organs and they swim down the 
neck of the latter. One spermatozoid then unites with the 
egg cell. The process is called fertilization. It is really the 
same as conjugation in Mucor ^ Chlamydomonas or Spiro- 
gyra, but in the moss the two gametes which fuse are un- 
like one another. You will remember that this was the case 
also in certain kinds of Chlamydomonas. 

Spores. The fertilized egg, the zygote, does not 
develop directly into a new moss plant. It grows first into 
a spore-producing structure, called the sporogonium. The 
sporogonium consists of a stalk with a swollen organ, the 
capsule, on top. These can very frequently be seen on moss 
plants (Fig, 40). Inside the capsule, the spores arc formed. 
There is a h'd which comes off when the spores are ripe. When 
the lid is off you can see a ring of teeth. They consist of 
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Fig. 40. Fig. 41 . 


Fig. 40, Moss plants with stems, leaves and rhizoids. This is tlie 
sexual generation. The asexual generation, consisting of the stalked 
sporogoniuin, can be seen at the top of the picture. 

Fig. 41. Male organ of a nujss. A is an enlarged drawing of the male 
organ bursting and letting out the spcrmatozoids (a). B sliows a 
spermatozoid (h) before it becomes free, and one liberated (c) 
swimming by its two cilia. 
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thickened cell walls of dead cells. These teeth change their 
shape in wet and dry weather. When it is wet they close 
down, while in dry air they open out. In this way tlie spores 
can escape only in dry weather. Then the spores are blown 
about by the wind and so are spread from place to place, 
liater on the spores grow into new moss plants. 

Body and gametks. There arc great differences 
between the moss and Spirogyra or Chlamydomona^, Not 
only is the moss divided into different kinds of cells, each 
with different functions, but there is another great distinc- 
tion. In Oilamydomonas and Spirogyra all the cells could 
form gamet(‘s and so could live on into another generation. 
But in the moss only a few ctdls can do this. Most cells of 
the l)ody are bound to die, while a few, if fortunate, can con- 
tinue to live and multijdy to form another plant. 

Alteiination. The moss reproduces both sexually 
and as(?xually. Tliis is the ease, too, with Chlamydomonas 
and Mucor, But in the moss sexual reproduction is always 
followed by asexual. The one alternates with the other. In 
Chlamydowonas and Mucor there is no sucth regular order. 

V. THE FERN 

Chlamydomonas and Spirogyra are lower green plants 
living in water. Tlie fern liv'cs on land and has arrange - 
ments to prevent too mueJi loss of water (see p. 69). 
In Sjnrogyra all the cells are alike, but the fern has leaves^ 
stern and roots like a higher plant such as the wallflower. 
The cells that make up these different parts of the fern plant 
are not alike. Each kind has its particular function. Photo- 
synthesis goes on in the green leaves, and so does transpira- 
tion. Salts dissolved in water are absorbed by the roots. 
And silicic the different kinds of cells are separated from one 
another, there are vascular bundles to convey solutions from 
one part of the plant to another. 

The shape of fern leaves or fronds is known to everyone. 
The stern is down on the ground, and in some ferns, such as 
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Fig. 42. Leaf of fern. The small round objects on the leaf are the 
covers of the groups of sporangia. On the left is a portion of the loaf 
magnified. The covers of the sporangia are seen to be kidney-shaped. 


102 




SPORES 


bracken, there are spreading underground stems. These 
continually send up new leaves, while the older parts of the 
stem die o£f. In this way the fern spreads to new ground. 

Asexual reproduction. On the under side of 
the leaves are small brown bodies. These are groups of 
sporangia (Fig. 42 ) which form spores. Each group of 



43. Group of sporangia on the leaf of a fern cut through the middle. 
Ay rinnj of dead eells on the wall of a sporanj^iinn ; By place at which 
the sporangium tears open; C, spore; D, leaf; Ey cover of group of 
sporangia. 

sporangia is hidden by a brown cov'cr. By taking this off 
with a needle you can see the sporangia (Exp. 4). If you 
now look at a sporangium with a microscope you will sec it 
is shaped like a lens. The eells marked A in Fig. 43 are dead. 
In dry weather, after the spores have ripened, the curved 
row of cell walls straightens out and tears the sporangium 
at B. Then the spores are shot out by the recoil of the 
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spring A, Each spore is a single cell with a nucleus. They 
can be blown a certain distance by the wind. 

Pkothallus. It the spore falls in a damp warm 
place it grows, dividing first into two cells and then into 
four and so on. But tlie result of this is not another fern 
plant such as you are familiar with. A small flat green 



Fi/j. 44. Fern prolhallus seen from iiiidfrnoath. .4, cells of prothallus; 
/i, rhizoids; f \ male organs; />, female organs. 


plant result s, called a prothallus (Fig. 44), measuring about 
I inch across. It is heaii:-sha})ed and has (resembling 
root hairs) on the lower side. You can find protlialli on 
damp shaded ground near fern plants (Exp. 5), The pro- 
thallus lias a much simpler structure than the fern plant. 
It just has green cells for photosynthesis, and rhizoids. In 
addition there are sexual organs. 
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Sexual reproduction. The fern plant repro- 
duces asexually by its spores. The prothalius reproduces 
sexually. On the lower surface are very small male organs 
and female organs (Fig. 45). These produce the gametes^ 
which arc not all alike. They are male and female as in 




Fi^r. 45. Sexual organs of fern prnlhallus. A, male orphan containing 
spennatozoids. B, a sperniatozoid draiwn on a larger scale. C\ male 
organ, empty, afU‘r the spermatozoi«is have come out of it. I), female 
organ containing one egg cell. There is a passage from tlie tip of the 
female organ down to the egg 

some kinds of Chlamydomonas, The male gametes are spiral 
and have numerous cilia for swimming (Exp. 6). They are 
called spennatozoids, A large number of tluTn are formed 
in each male organ. A spermatozoid is a single cell and 
most of it is occupied by the nucleus: tlicTC is little other 
protoplasm in it. 
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Fertilization. K female organ of a protliallus is 
shoMTi ill Fig. 45. It has one gamete inside it, the egg cell. 
When there is a film of rain on the prothallus the spermato- 
zoids swim out of the male organs. They are probably 
attracted to the female organs by an acid which these pro- 



Fig. 46. ProthaUi and young fern plants. Three protJialli each with a 
young fern plant developed from a fertilized egg cell. The roots of 
the fern plant on the right are seen. (W. Leach.) 

duce. The spermatozoids swim in through the entrance of 
the female organs. The most active spermatozoid, but a 
single one only, fuses with the egg cell in each female organ 
and their nuclei unite. This is fertilization of the egg. 

It is really the same thing as conjugation in Mucor^ Chlaniy- 
domonas and Spirogyra, but when the two gametes are so 
very unlike one another the w^ord ‘‘fertilization” is used. 
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The spermatozoid is very small and can swim. Thus it 
may reach the egg. The egg is larger and cannot move be- 
cause it contains reserve food for the yoimg plant into which 
it will later on develop. There are very many spermatozoids 
compared to the number of eggs to make sure that one of 
them shall find each egg. When an egg cell has been fertil- 
ized, it grows, not into another prothallus, but into the 
familiar fern plant. Fig. 46 shows young fern plants 
attached to prothalli. Fiach has developed from a fertilized 
egg cell in tlic prothallus. 

Sexual and asexual generations. You 
see now that the prothallus reproduces sexually and new 
fern plants result. The fern plant in turn reproduces 
asexually and prothalli are form(‘d. There is thus a regular 
series of sexual and asexual generations, as they are called, 
alternating one after another. Mucor and Chlamydomonas 
also reproduce both sexually and asexually, but there is no 
regular order about it as there is in the fern.^ 


PRACTICAL WORK 

Exp, 1. Examine living Chlamydomonas under the micro- 
scope. Chlamydomonas can most easily be found in shallow 
pools or iK)nds containing farm refuse. 

Exp, 2. Study Spirogyra under the microscope. 

Exp, 3. Examine Pellia or a moss with a lens and look for 
reproductive organs. 

Exp, 4. Look at the different parts of a fern plant and examine 
the sporangia with a lens. 

Exp, 5, Examine a prothallus with a lens and look for male 
and female organs. 

1 The protlmllus (sexual generation) corresponds to the liverwort 
plant or the moss plant. The fern plant (asexual generation) corre- 
sponds to the sporogonium in liverwort or moss. 
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Eocp, G. Put some fine soil in a flat dish with a glass cover, 
add enough water to make it damp, and sow fern spores on the 
surface. Leave the dish for three or four months, taking care 
that the soil does not become dry. I*rothalli will grow from the 
spores. When they are large mount several upside down in water 
on a microscope slide and look for the male and female repro- 
ductive organs. Spermatozoids may be seen swimming out of 
the male organs and being attracted by the female organs. 
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HYDRA AND WORMS 

The animals about which you have learnt already are 
human beings, fro^^s, and Amoeba, Tlic lirst and the last are 
the extremes of animal life. Amoeba is formed by one cell 
only, which carries on all the activities of life. Our own 
bodies are made up of countless cells, which are of a num- 
ber of different kinds. Each kind has its own particular 
task to do, the cells of each kind are grouped together to 
form tissues, and a number of tissues make up organs. 
There is thus a division of labour among the different kinds 
of cell and the whole body is very com})licated. Wc saw the 
same contrast between tlic lower and higher plants. Next 
we are going to study an animal that is certainly composed 
ol‘ a number of cells, but its structure is very simple indeed 
compared with the frog or man. This animal is Hydra, 

1. HYDRA 

Hydra liv(‘s in ponds. It is small but you can easily sec 
it with the naked eye (Fig. 47 and Exp. 1). There are two 
kinds (species), one of which is green and the other brown. 
The body is at one time long and narrow, at another short 
and thick. It is attached by one end, the basc^ to a pond 
weed. At the other end, which often hangs downwards, are 
a number of line threads called tentacles. Being attached to 
the weed, Hydra looks at first sight like a plant, but it is 
an animal. It can move slowly, creeping like a snail. It can 
also move in another way: sometimes the base comes free 
and the Hydra, walks along the ground by what is called a- 
loopiiig motion, like some caterpillars. If Hydra is touched, 
the tentacles suddenly shorten to mere knobs and at the 
same t ime the body becomes shorter and thicker. 

Hydra has a mouth which is in the middle of one end, 
between the tentacles. The mouth is the only opening into 
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the inside of the body. The internal structure of the animal 
is extremely simple. There is just a stomach into which the 



Fi;?. 47. Hydra, Tlie animal on the left is fully extended, that on the 
right is half extended, h, bud; m. mouth; ov, ovary; t. testis; a?, ten- 
tacles ; y, base, 

mouth opens. The stomach is simply surrounded by the 
wall of tlie body. Hydra feeds by catching small animals 
swinmiing in the water. When, for example, a “water 
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flea”^ touches one of the tentacles, this sticks to it. The 
other tentacles close round the prey, which is drawn into 
the mouth. It is then swallowed, digested, and the indi- 
gestible remains are thrown out again through the mouth. 

Innek layer of cells, //i/dra is really nothing 
but a sort of little bag made of cells. There are no organs. 



Fi^. 48. Strmture of Hydra. A, section across the middle of the 
body, seen under the microscope; 1, outer layer of cells; 2, a thread 
cell; 3, inner layer of cells; 4, stomach. B, a thread cell further 
magniiled. On the left, the thread is coiled inside the cell; on the 
right, the thread has been shot out. 

The cells are arranged in two layers (Fig. 48), an outer and 
an inner, the latter lining the stomach. The cells arc not all 
alike; there is a certain amount of division of labour among 
them, but there arc fewer different kinds of cells than in 
ourselves. Surrounding the stomach are some cells which 
act as glands, pre})aring the digestive enzymes. And there 
are others which absorb the digested food. 

^ Daphnia, see p. 224. 
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Outer layer of cells. In the outer layer most 
of the cells act at the same time both as the and as 

muscle cells. Here, then, is only a partial division of labour. 
Tliere arc nerve cells too. These give the signal, when the 
animal is touched or when a water-ilea is caught, for the 
muscle (^ells to contract. But there are no eyes or ears, nor 
is there anything like a brain. In the outer layer, and 
especially on the tentacles, there are very peculiar so-called 
thread cells, or sting ceils. When they are touched by the 
animal’s prey, each of these cells suddenly shoots out a long 
thread which is both poisonous and sticky (Exp. 2). The 
thread numbs the prey so that it does not struggle and it 
holds tlie prey while the tentacles drag it into the mouth. 
The jelly-fish is an animal wdiich certainly does not look 
much like a Hxjdra, but really is quite nearly related to 
it. Jelly-fish possess very powerful sting cells, as many 
bathers know to their cost. 

It is clear, then, that Hydra is an animal which is very 
sim{)ly constructed. It has a mouth and stomach but no 
anus. It has nerves cells, but no nerves or brain. It takes 
in oxygen and gives off carbon dioxide all over the surface 
of the body. There is no kidney, but the waste products are 
simply excreted from each cell into the water. There is no 
need for a blood system, becaiLse, since the body wall is 
only two layers of cells thick, there is no distance to carry 
oxygen, or digested food, or waste matters. 

Reproduction. Hydra reproduces its kind in two 
ways. Tliere is Ixith asexual and sexual reproduction. In 
the first method buds are formed, in the second eggs. 

Let us take the budding first. You can often see a Hydra 
with a small one sticking on to its side. This is a bud (Fig. 
47). At first it was a mere pimjile on the parent’s body. 
Then it has tentacles and a mouth, but its stomach still 
opens into the parent’s stomach. Later on, the bud will get 
cut off by a base, and it will then drop off and start life as 
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a new individual. Sometimes several buds can be seen at 
the same time growing out from one parent. 

Sexual repkoduction. When Hydra reproduces 
sexually there are not separate male and female individuals, 
as in higher animals or in Spirogyra. A single individual 
Hydra is both male and female at the same time, like a 
liverwort, a moss, or a fern prothallus. Animals which 
bear both male and female organs in the same individual 
are said to be hermaphrodite. When a Hydra is reproducing 
sexually, bumps are seen sticking out on the body wall. 
Those nearer to the base are the female organs, or ovaries. 



Fig. 49. Spermatozoon magnified 4,000 fold. The nucleus is shown 
in black. The tail is drawn bent on itself to save space. 


Those closer to the tentacles arc the male organs, or testes 
(Fig. 47). Inside the ovary is a single egg cell. Jt is round and 
larger than the other cells of the body, and as usual it has 
a nucleus in it. The testis is made of many small cells. Each 
of these develops into a spermatozoon, which is not unlike 
the spermatozoids of Pellia, tlic moss, or the fern. After a 
time the wall of the testis bursts and the spermatozoa all 
swim out into the water. The spermatozoa of most animals 
(Fig. 49) consist each of a “head” and a long “tail”. The 
“head” contains the nucleus which almost lills it up. The 
“tail”, which is something like a cilium (p. 45), is for 
swimming. It lashes the water violently and moves the 
spermatozoon along head first (Exp. 3). 
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Fertilization. The egg cell cannot grow into a 
new Hydra individual until a spermatozoon has united with 
it. When one of the spermatozoa swimming in the water 
meets an egg cell, which when ripe sticks out of the ovary 
of Hydra but is still attached to it, then the spermatozoon 
penetrates into tlie egg. 



Fip. 50. Feriilizaiion . of a marine animal, the starfish, are seen 

under the microscope surrounded by 8))erniatozoa, kej>t at a certain 
distance from the egg by an invisible jelly. One spennatozoon is seen 
penetrating into the egg. Ttic egg has a nucleus in the middle of it 
which will unite with the nucleus of the spennatozoon. 

Fig. 50 shows eggs of a marine animal, the starfish, 
surrotmded by spermatozoa. The starfish itself is seen in 
Fig. 107. Eggs and spermatozoa arc shed by female and 
male starfishes into the sea water. There spermatozoa 
unite with the eggs. In the case of the starfish, of Hydra, 
and of all other animals, when one spermatozoon gets in, a 
change happens in the surface of the egg, so that no more 
spermatozoa can enter. The next tiling that occurs is that 
the nucleus of the sjiermatozoon unites with the nucleus of 
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the egg cell. This is the process of fertilization. Only after 
it has happened can the egg develop into a new individual. 

You see that the egg cell is much larger than the sperma- 
tozoon. This is because the egg contains a store of food 
material to nourish the yoimg animal into which it will 
develop, until this can catch food for itself. Some eggs con- 
tain an enormous amount of food, as, for example, the hen’s 
egg. This store of food is the yolk. Others have less yolk 
in tlu^m, as the eggs of Hydra and of the starfish. The 
spermatozoon is small because it has no food reserve and 
also in order that it may swim actively and so find the egg. 
You see also that many more spermatozoa are produced 
than eggs, yet only one spermatozoon is needed for each 
egg. The excess of spermatozoa increases the chances of 
each egg being fertilized. 

Development of the fertilized egg. 
After the egg of Hydra has been fertilized, it does not 
develop immediately into a new individual. It next forms 
a thick shell around itself and drops out of the ovary on to 
the bottom of the pond. If the pond happens to dry up, 
then the race of Hydra is not killed off, for the egg inside its 
shell can resist being dried. 

Later on, in the water at the bottom of the pond, the egg 
starts developing. The nucleus first divides into two and 
then the rest of the cell divides. You will remember that this 
is just what happened to Amoeba when it reproduced. But 
in the case of the egg, the two daughter cells do not come 
apart. They stick together. Then each of them divides 
again, so that there are now four cells. From these come in 
succession eight, then sixteen, thirty-two, sixty-four cells, 
and so on. The fertilized egg cells of all animals and 
plants divide in much the same way. Fig. 51 shows photo- 
graphs of the cell divisions in the fertilized egg of the sea- 
urchin, an animal related to the starfish (Fig. 108). 

The cells are at lirst all alike, but when many of them have 
been formed by division they begin to be different from one 
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Fig. 51. Cell division of fertilized egg. Six photograpiis showing 
successive cell ilivisions of two fertilized sea-urchin eggs, taken under 
the microscope with a cineinatograph camera. The time taken from 
fertilization to tlie first division (stage 2 above) is one Jiour at C. 
(F. Vl^s.) 


REGENERATION 


another. In this way the various different kinds of cells of 
the full-grown animal appear. It is quite clear that every 
cell in the animars body is a direct descendant of the 
original fertilized egg cell. 



Fii^. iS2. Living* sea-anemoneH. The mouth of the left-hand animal 
can he seen between the t-entaeles. The photograph was taken at the 
Plymouth Acjuariuin, (J). P. Wilson.) 

R E 0 E N E It A T I o N . If a ])ieec of t he body of a Hydra is 
aeeidentally torn off, the remaining part can grow again 
into the wliole. Suppose tliat the end with mouth and 
tentacles is vwt off. Tlien the part with tlu‘ bas(^ grows out a 
new end-part witli mouth and crown of tentaeles (Exp. 4). 
This power of re})laeing lost parts is called regeneration. 
Many animals have the power of regeneration. For ex- 
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Fig. 53. Coral. The photograpli shows the skeletons or shells 
of the individual coral animals. 
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ample, if you catch a lizard by its tail, the tail breaks off in 
your hand. Later on the lizard grows itself a new tail. 
Obviously, this power is of advantage to the lizard, for it 
gives it a much better chance of escaping from enemies, such 
as birds. The more complicated is the structure of an 
animal, the less power it has of regenerating lost parts. Our 
bodies can do no more than heal wounds. 

Coral. The sea-anemone which is so common in rock 
pools at low tide along our coasts is something like a big 
Hydra (Fig. 52). Corals, too, are very much the same kind 
of animals. Imagine a very large Hydra with a number of 
buds on it. Imagine further that the buds do not drop off. 
Then you have something like a coral, with this difference, 
however, that the coral cannot move about. It cannot do 
this because its base produces a skeleton made of calcium 
carbonate (Fig. 53). This is not an internal skeleton like 
our own, but an external skeleton like the shell of a snail. 
Corals are very common in the warmer seas of the world, 
where their skeletons are so abundant that they form reefs. 

IL THE EARTHWORM 

The worm is quite a different sort of creature from 
Hydra, It has a much more complicated structure. If you 
look carefully at an earthworm you will see that its long 
body appeal's to be made up of rings joined end to end. 
These are called segments, and you will find that much of 
the inner structure of the wonn is segmented in the same 
way. 

From the outside the mouth can be seen on the lower 
surface between the first and second segments, and the 
anus on the last segment (Fig. 54 and Exp. 5). About one- 
third of the way from the front end some of the segments 
are thicker. These have microscopic glands in them which 
form a sticky substance that encloses the eggs of the worm 
in a sort of case when they are laid. If you now look at the 
worm with a lens you will notice small bristles on the sides 
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of every segment. These give the 
worm a foothold on the ground as 
it moves forward. It docs this by 
alternately contracting and relax- 
ing the muscles of its body wall 
(Exp. 6). 

Senses. An eartliworm has 
no eyes or ears. Rut there arc 
nerve cells in the skin w'hieh de- 
tect touch and tremblings in the 
ground. If worms have come up 
out of their burrows on to the 
lawn on a wet morning, they vanish 
when your footsteps approach. 
The animal can also smell (Exp. 7), 
and although, oi‘ course, having no 
eyes it cannot see w^hat its sur- 
roundings are like, yet it moves 
back when a brigl>t light falls on 
it (Exp. 8). 

Skin. The earthworm’s skin is 
always moist. It is kept damp by 
being covered with slimy mucus 
which attracts water. In the same 
way the frog’s skin keeps moist. 
Just as in tlie case of tlie frog, it is 
necessary for the worm’s skin to 
be damp, for its outer layer con- 
sists of living cells. If these cells 
dried up they would die. Our own 
skin has layers of dead cells on 
the surface. Thus our bodies do 
not lose water by evaporation in 
dry air. But the worm is almost 
an aquatic animal. It lives only in 
its damp burrows, or outside on 



Fig. 54. Earthworm, Left 
figure, from the upper side ; 
right figure, from the lower 
side. M, mouth; A, anus; 
Cl, thicker segments which 
produce tlic egg case. 
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a wet day. The earthworm breathes through its skin. It 
has no lungs. The gas exchange betwe(‘n air and blood, 
oxygen going inwards and carbon dioxide going out, can 
only take place through living cells, Tiie earthworm is 
able to do this through its skin. Hut we ourselves have 
to keep the living cells for the gas exchange tucked away 
inside our bodies so that they shall not dry up. This, you 
know, is the reason for lungs. 

Feeding. If, now, you look at the body of a dead 
earthworm, which has been opened by a cut down the back, 
you will see its alimentary canal extending right along from 
the mouth to the anus (Fig. 55 and Exp. 9). The worm cats 
earth. Its digestive enzymes digest the microscopic* animals 
and plants in the soil which it swallows and the indigestible 
earth is expelled through the anus. This forms the worm 
castings seen on a lawn. In the dissection blood vessels are 
visible which convey the digested food away from the 
alimentary canal. The blood is coloured with haemoglobin 
for the same reason that our own blood is red. 

Body cavity. Between the alimentary canal and 
the muscular wall of the body is a space filled with liquid. 
This is a body cavity, just as there is one in the frog and 
man. The body c^avity is divided uj) by cross-partitions 
(septa) into compartments which eorres))ond with the seg- 
ments seen from the outside. Tlie very obvious wdiite struc- 
tures inside the front end of the worm are the reproductive 
organs. Like Hydra, the earthworm is hermaphrodite, each 
individual having both male and female organs. In the 
body cavity in each segment there is a pair of small excretory 
organs corn ‘spending to kidneys. 

Nervous system. The central nervous system of 
the frog (brain and spinal cord) lies tow^ards the upper 
surface of the animal. It is above all the other organs. In 
the earthworm, on the contrary, the nerve cord is below 
the body cavity. It can be seen in a dissection after the 
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alimentary canal has been removed (Exp. 10). You will see 
a long white cord running from end to end of the animal, 
with a swelling, or ganglion^ in each segment. The worm has 
not one single brain, like man, but each ganglion is a partial 
brain. At the front end the nerve cord divides into two. The 
branches pass up around each side of the alimentary canal 
and join again to a pair of ganglia above the mouth. 

Segmented animals. It is clear that the whole 
structure of the earthworm is segmented. From the out- 
side the animal can be seen to be made up of segments 
which follow one another, each one being more or less like 
its neighbour in front and behind. Inside, the structure is 
similar. The body cavity is divided up into a long series of 
segments, and ouch segment has in it a ganglion and a pair 
of excretory organs. You have seen already that vertebrate 
animals, too, are segmented (p. 3(3), although their bodies 
are constructed on quite a different plan from that of the 
earthworm. 

The value of earthworms. In forming their 
burro w^s worms literally eat the earth. Earth is brought up 
to the surface of the soil as “worm casts”. This fact is of 
great importance to the growth of plants. Earthworms are 
more numerous than one usually supposes, and Charles 
Darwin (Fig. 151) calculated that in a year they may throw 
up eighteen tons of earth per acre of land. After the soil has 
passed through the bodies of the worms it is finely divided 
and very suitable for the penetration of root hairs. Moreover, 
the burro w^s allow air to enter the soil and so supply oxygen 
for the respiration of roots. In addition, the soil does not 
become waterlogged, for surface water can drain away. And 
there is yet another service the worms render. They drag 
leaves into their burrows and thus the formation of liumus 
(p. 65) is furthered. 

Marine worms. There are many different kinds of 
worms living in tlic sea. One of these is the common lug- 
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worm, Arenicola, It lives in sandy mud in the same way as 
the earthworm lives in soil. Its most obvious difference 
from the earth womi is that it has ^ills along the sides of the 
body (Exp. 11). Nereis is another common worm found at 
low tide. There are outgrowths {parapodia) on either side of 
each segment. These have long bristles and act like stumpy 
limbs. At the head end Nereis has tentacles^ or feelers, and 
four eyes. 


PRACTICAL WORK 

Ejcp. 1. PiXaminc living Hydra with a lens. Note retraction 
when it is touched, and expansion again after an interval. Look 
for buds. 

Exp. 2. When Hydra is examined with the microscope under 
a cover-slip some of the thread cells will ])ut out their threads. 
This c^n be brought about readily by allowing methylene blue 
to diffuse in beneath the cover-slip. 

Exp. 8. Demonstration under the microscope of living sper- 
matozoa, taken from the genital duct of the pond snail Limnaea 
and mounted in a drop of the snail’s blood. 

Exp. 4!. Cut off the crowns of tentacles (>f several individuals of 
Hydra. In the course of a few days new tentacles are regenerated. 

Exp. 5. Examine with a lens an earthworm that has been 
killed by immersion in hot water. 

Exp. 6. Study the movements of an earthworm as it moves 
forward. If its front end is touched, it stops and moves back- 
ward. 

Exp. 7. If a fine paint brush dipped into an essemtial oil or 
xylol is brought near an earthworni it moves. By bringing the 
brush near different parts of the worm in succession it can be 
shown which regions are most sensitive to smell. 

Exp. 8. Put an earthworm into a glass tube just wide enough 
to hold it. P'it two cyhndcrs of black paper end to end outside 
the tube. By sliding the paper cylinders along, the body of the 
worm can be concealed from light all but a narrow space be- 
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tween the cylinders. Light can now be focused on each region 
of the worm’s body in turn and the rea(?tions of the diflerent 
regions to the light can be seen. 

Exp. 9. Earthworm dissected to show the alimentary canal. ^ 

Exp. 10. h^arthworm dissected to show the nervoUvS system. 

Exp. 11. Demonstration of Aren i cola and I^ercis. 

Nole. Hydra can easily he eultivat(‘d in taj) water to whieh 
a little earth has lH*en added. If fed regularly on Daphnia 
(p. 221), the Hydra will bud abundantly. Thiphnla can be eulti- 
vate‘d in similar water and fed as follows. Ib eak an egg in a pint 
of water and allow it to g(» rotten. Every two days add a drop 
or two of the rotten egg water to clean water so that it becomes 
just cloudy, and then add a drop of this to the Daphnia culture. 

^ If an earthworm is kept in a damp dish and fed on wet blotting 
paper for some days until the faeces contain no earth, then killed in 
10 j)er cent, formalin and kef)t in this solution for a month to harden, 
thick liand sections which arc very instructive can he cut with a razor. 
Similar sections can he made of larger animals sudi as a frog, a tish, 
or a crayfish. For these, a fretsaw should be used. 



CHAPTER X 


INSECTS 

Insects are the most abundant group of animals on the 
surface of the earth. About a million different kinds (species) 
of living animals are known to science and out of these 
nearly one-half are insects. We are going to study the cock- 
roach first, because it is a fairly large-sized insect and is easy 
to get. 

I. THE COCKROACH 

It is obvious at once that this is a segmented animal like 
the earthworm (Exp. 1). The two do not look very much 
alike at first sight, but you will find that in many important 
points they are built on the same plan, which is quite a 
different plan from that of the frog or man. 

Body. The cockroach is divided into three regions, head^ 
thorax and abdomen (Fig. 56), The head has a pair of jointed 
feelers or antennae, and two large eyes. The antennae are 
always moving about, feeling the ground and smelling the 
air. The eyes are quite unlike our own. If you look at them 
with a lens you will see very numerous small facets. You 
will read later on how these eyes work (Chap. xvii). 

The thorax bears three pairs of jointed legs and on its 
back two pairs of wings. The front pair forms a protecting 
case for the back pair. It is chiefly with the latter that the 
animal flies, on the rare occasions when it does fly. The back 
wings are folded under the front pair when at rest. (The 
females of one kind of cockroach have no wings.) The 
thorax lias three segments, but they are joined together. 
The fact that there are three pairs of legs on the thorax 
shows that it really does consist of three segments. The 
abdomen is obviously segmented, each segment being 
attached flexibly to the neighbouring segments. At the 
end of the abdomen is a pair of jointed outgrowths. 
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Fig. 56. Cockroach. A, top view; B, side view, twice natural size, 
a. antenna; h. liea<i; p. palp of maxilla; t. thorax; uj. front wing. 
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Skeleton. The whole body of the cockroach is 
covered by a sort of armour. This 
is thickest on the Jiead and thinnest 
between the segments of the abdo- 
men, so that the abdomen can bend. 

The armour is made of a carbo- 

hydrate containing nitrogen. This is 
the skeleton of the insect. But un- 
like our own skeleton it is outside 
the body instead of being inside. In 
consequences the muscles that work 
the limb joints must act in a dif- 
ferent way. Fig. 57 makes their 
action clear. Compare tliis with 
Fig. 13. 

Mouth parts. The head ofthe 
cockroach is bent at right angles to 
its body. On the lower edge is tlie 
mouth and just outside it are three 
pairs of mouth parts which tear up 
the food before it is swallowed. 

Cockroaches eat almost anything. 

The mouth parts are as follows 

(Fig. 58 and Exp. 2). On either side 

of the mouth is a powerful jaw or 

mandible with a tootlied cutting 

edge. Behind these is a pair of extra 

jaws, the maxillae. These are jointed 

and have a feeler or palp on each insect 

which touches and tests the ground a leg of an insect is seen. 

as the animal walks along. Behind The skeleton is outside 

these again is a sort of jointed lower muscles. Note how 

lip or labium. It is really another 

pair of extra jaws joined together. 

Internal organs. When a cockroach is dissected 
by being opened down the back, it is seen that the various 
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Fig. 58. Mouth parts of cockroach. Tlie top of each mouth part in 
tlie figure is attached to the head. A, mandible; B, maxilla (with 
imlp); C, labium. 
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hig. 59. Dissection of female cockroach. A. antenna; C. crop; E. ex- 
cretory organs; F. finger-like glands; //. head; i. intestine; M. middle 
part of alimentary canal; N, nerve cord with ganglia; O. ovary; 
S, salivary gland; U. ganglion above the throat. 
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organs are surrounded hy fat (Exp. 3). On top of every- 
thing is the heart. It is long and narrow and is made up of 
segments. In some transparent insects the action of the 
heart can be seen (Exp. 4). 

When the alimentary canal (Fig. 59) is freed from fat it is 
found to be longer than the body. Opening into the front 
end is a pair of salivary glands. The saliva, like our own, has 
an enzyme in it wliich digests starch. The front bulky part 
of the alimentary canal is the crop. Most of the digestion 
goes on here. The enzymes for protein and fat digestion are 
made in finger-like glands behind the crop. Then comes the 
narrower middle part of the alimentary canal. Here the 
products of digestion are absorbed into the blood. After 
this is the intestine going to the anus. Just in front of the 
intestine are numerous thread-like outgrowths. These are 
the excretory orgam, doing the work of our kidneys. 

Nerves. The nervous system is built on the same 
model as in the earthworm. That is to say, there is a nerve 
cord running beneath the alimentary canal from head to 
tail, with ganglia in the various segments of the body. 
Actually the nerve cord of the insect is double. Each of the 
three segments of the thorax has a pair of ganglia and there 
are six such pairs in the abdomen. From the ganglia 
nerves go out. In the head the nerve cord divides to sur- 
round the throat, and it has a pair of large ganglia just 
below and another bigger pair just above the throat. The 
latter send nerves to the eyes and antennae. 

Breathing. Insects breathe in quite a different way 
from other animals. Oxygen does not go into solution in 
blood through lungs as in ourselves, or at gills as in fishes, or 
through the body surface as in the earthworm. In insects 
air itself is conveyed all over the body in microscopic 
tubes. These tubes are called tracheae. There are ten 
openings of the tracheae on either side of the body, two 
being in the thorax and eight in the abdomen. The holes 
lead into air tubes which branch many times and lead to 
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every part of the body (Fig. 60). In this way oxygen is 
brought to the tissues, and carbon dioxide goes out by the 
same route. 

The walls of the tracheae, 
which are made of chitin, are 
strengthened by a spiral thicken- 
ingy like the wire in certain 
garden hose* pipes. The inner 
ends of tracheae actually go in- 
side cells of the body. Under 
the microscope tracheae appear 
glistening white owing to the air 
inside them (Exp. 5). It is ob- 
vious that the cockroach has 
no need for haemoglobin, and 
indeed its blood is colourless. 

Reproduction. Cock- 
roaches are male and female. 

The ovaries in the female are 
tubes on either side of the ab- 
domen (Fig. 50). These join 
together and open underneath 
the anus. 

In Hydra (p. 1 13) the sperma- Tracheae of cockroach. 

tozoa swam in the water sur- Some of the openin«^s of tJ»c 
rounding the animal and then tracheae are seen along the 
penetrated the eggs and so of the body. Only the 

fertilized them. In the case of 

are very many finer 

the sea urchin unfertilized eggs branches going to every part 
were laid by females in the sea of the insect’s body, 
water and then fertilized by 

spermatozoa swimming in the water around them. But 
in insects fertilization of the eggs takes place inside the 
body of the female. In all land animals it is necessary for 
the male to unite witli the female to introduce spermatozoa, 
because the latter would die in the air if the eggs came out 
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of the body to be fertilized. The liquid in which the sper- 
matozoa swim would dry up. 

After the eggs of the cockroach have been fertilized, 
sixteen of them at a time are laid in a horny egg case. 
Later on the young cockroaches hatch out. 

Growth. Since the young insect is surrounded by its 
hard skeleton, growth offers a special difficulty. The skeleton 
will not expand. The way the dilficulty is got over is this: 
at intervals the skeleton splits and the young cockroach 
wriggles out with its soft covering. The animal now swells^ 
and then its skeleton hardens again. This moulting happens 
seven times in the twelve months the animal takes to grow 
up. 

Comparison with earthworm. It is clear that 
the plan of construction of cockroach and earthworm is in 
some respects the same. Both arc segmented animals, with 
a nervous system of the same type. But in the earthworm 
the segments are all more or less alike, whereas in the 
cockroach they differ a lot from one another and the 
segmentation is not always very apparent. In the cock- 
roach mouth parts, legs, ganglia, heart, and the openings of 
the tracheae are obviously segmental. But tlie insect is 
much more complicated than the worm. It has eyes, 
antennae, legs and wings. In other words, various parts of 
its body are specialized for particular jobs. This makes the 
segmentation of the body less obvious. The thorax, for 
example, has three segments, but the muscles that move 
legs and wings require a solid skeleton for attachment. So 
the thorax is made of one piece, not of three movabhi rings. 
The eyes and feelers of the head reejuire large ganglia, and 
these in turn need protection, so the head too is in one piece, 
not jointed. 

^ As Mr Weller would have said: “The insect is a-swellin’ wisibly 
before my wery eyes”. 
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II. GRASSHOPPERS AND LOCUSTS 
The grcisshopyer is nearly related to the cockroaeh. The 
most obvious difference is the large third pair of legs with 



01. Leaf insect. This insect closely resembles 
leaves in appearance and colour. 

which the grasshopper jumps. These insects, as everyone 
knows, make a chirping noise. Tiic sound is produced not 
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through the mouth but by the legs and wings. On the inner 
side of the largest joint of the hind legs there is a sort of hie. 
The noise is made by rubbing these against the hard front 
pair of wings. The ears are on the hrst segment of the 
abdomen (Exp. 6). Only the males have a voice; females in 
this case are silent. The purpose of the sound is to attract 
the females, for they come towards a male that is chirping. 
An experiment has been made by putting a male and a 
female in separate rooms connected by a telephone. When 
the male started to chirp the female moved to the receiver 
of her telephone. 

Locusts are like large grasshoppers. They are found 
in warmer countries than England and occasionally they 
move from place to place in vust swarms. They are 
voracious vegetarians. Soon after a swarm alights, crops 
over wide areas arc stripped of all their leaves. 

The leaf insect (Fig. 61) is not very distantly related to 
the cockroach and grasshopper. It lives in Ceylon. It is 
coloured green and has the appearance of a leaf and parts of 
leaves. Presumably the result of this is that the insect is 
not so easily seen by its enemies. Many animals are more 
or less invisible owing to coloration or siiape, but few are 
such complete imitations of other objects as the leaf insect 
(Exp. 7). 


III. BUTTERFLIES AND MOTHS 

Everyone wlio has kept silkworms at school knows that 
moths and butterllies start life in quite a different way from 
cockroaches. A worm-like caterpillar or larva comes out of 
the egg (Exp, 8), It feeds greedily on leaves and grows 
rapidly. Then it stops moving and growing, and surrounds 
itself by a protective case of silk. Within this silken case the 
caterpillar sheds its skin and becomes motionless. It is now 
known as the chrysalis or pupa. On the surface of the pupa 
can be seen the enclosed legs and wings of the moth into 
which the chrysalis finally changes by a further splitting of 
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the skin. The adult stage has now been reached, and soon 
sexual reproduction takes place. Male unites with female 
to introduce spermatozoa. Then the female lays fertilized 
eggs. 

Moths differ from butterflies in having hairy instead of 
smooth antennae (Exp. 9). Most moths have thicker bodies 
and duller colouring than butterflies, and they usually fly 
by night instead of in the daytime. When not flying moths 
generally hold their wings horizontally and butterflies 
vertic;ally. 

The cabbage butterfly. This is one of the 
commonest butterflies. The larva or caterpillar is very 
destructive to cabbages (Fig, 62, A). Two broods of eggs 
are laid each year, one in May, the other in July or 
August. Clusters of these eggs can be found on the lower 
side of cabbage or nasturtium leaves (Exp. 10). In about 
seven to ten days the caterpillars hatch out of the eggs and 
begin eating the leaves. Just as in the case of the cockroach 
the chitin skin is moulted from time to time. When fully 
grown the caterpillar is 1^ inches long and yellowish green 
with stripes along it (Exp. 11). There are hairs on little bumps 
on the skin. The body is made of a head and thirteen segments, 
of which the first three form the thorax. On each segment of 
the thorax is a pair of jointed legs with a hook on the end. 
On some of the segments of the abdomen are so-called 
pro-legs. They have little hooks on them with which the 
caterpillar clings very firmly. 

The caterpillar feeds hungrily, and for this purpose has a 
pair of strong jaws or mandibles which cut the leaves. On 
the low(T lip or labium is a central tube through which a silk 
thread can be spun. 

Pupa. When it has grown to full size, the caterpillar 
stops feeding and climbs upwards on any surface it can 
And. In climbing a silk ladder is formed out of the tube on 
the lip and is stuck to the surface by a side-to-side move- 
ment of the head (Exp. 12). Hanging on to this ladder with 
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its pro-legs, the lar\’a gradually works its way upwards. 
Then it stops and turns into the pupa (Fig. 62, B). The 
beginnings of wings, legs, antennae and large eyes now 
appear inside the hard chitin skin of the pupa. It remains 
quite still, only the abdomen moving from side to side if 
touched. The pupal stage lasts about two or three weeks if 
the larva came from the first brood of the year and pupated 
in June. If from the second brood, the pupa remains as 
such through the winter. Then in July and August, or in 
April and May as the case may be, the butterlly emerges by 
the skin of the pupa splitting. 

Adult. The adult insect (Fig. 62, C, and Exp. 13) has 
three pairs of legs and two pairs of wings on the thorax. 
The wings are strengthened by so-called "'veins'" of chitin. 
Tlie jmttern on the wings is a little different in the two 
sexes. 

Food. Adult butterflies and moths feed on nectar (p. 159) 
from flowers. That is to say, they take in water and sugar 
only. This is sullicient as a source of energy for flight and 
for laying eggs, but without protein in the food no fresh 
protoplasm could be made. The adult, however, does not 
require this, for after it emerges from the pupa no more 
growth takes place. The larva has done all the growing, and 
for this purpose has eaten a full diet of leaves, containing 
both carbohydrates and proteins. In the pupa stage the 
tissues of the larva have been rearranged to form those of 
the adult. To allow of this, food reserves were stored up by 
the larva. But the adult requires an energy food alone, so 
sugar is enough for it. 

To suit tlieir special way of feeding, tlie mouth parts of 
butterflies and moths arc different from those of the cock- 
roach. They are for sucking juices, not for biting, yet some of 
the same parts are there. But in the adult butterfly the 
mandibles, so prominent in the larva, have gone. The pair 
of maxillae together form a long sucking tube (Exp. 14), 
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Fify. 02. Life-history of the cabbage butterfly. A. larva; pupa; 
(\ adult. The three are enlarj^ed to different extents. A. antenna; 
ahd. abdomen; e. eye; H. head; hp. palp of labium; mx. maxillae; 
si. opening of trachea; Th. thorax; W. wing. 
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which when at rest is coiled beneath the head. The small 
lower jaw or labium has two feelers or palps on it (Fig. 02). 

Parasite enemies. Caterpillars of the cabbage 
butterfly are very destructive. But they are often attacked 
by a small insect known as an ichneumon^ related to the 
bee. This insect lays its eggs inside the eggs of the butter- 
fly or inside the body of the caterpillar. The ichneumon 
pierces the egg shell or the skin of the caterpillar with a 
sharp egg-laying needle on its abdomen. The larvae of the 
ichneumon live as parasites inside the caterpillar and kill it. 

Biological control of pests. Many plants 
valuable to man are destroyed by insects. But parasites 
help to keep the numbers of the harmful insects within 
reasonable limits. Nowadays, however, insect pests are 
often transported accidentally from one country to another. 
Then they frequently become extremely numerous and 
do immense damage simply because they have left their 
parasite enemies behind them. The larvae of one kind of 
midge, accidentally introduced from Europe into America, 
each year destroy wheat valued at £800,000. But bio- 
logists are now mastering these pests. The parasites are 
discovered and introduced into the new country. For 
instance, the larva of a certain moth was ruining the 
coconut industry of Fiji by eating the leaves of the palms. 
But lately a certain fly, whose larvae live as parasites in the 
moth larvae and destroy them, has been introduced into the 
island. In this way the numbers of the moth have been very 
greatly reduced in a short time. 

Another successful case of control is that of the prickly 
pear in Australia. Years ago this cactus (Fig, 27) was intro- 
duced into Australia from abroad as a curiosity for gardens. 
The plant ran wild, and since the climate suited it and its 
enemies were left behind, it flourished and spread over vast 
areas. The prickly pear grows to a massive spiny plant and 
great tracts of country were made impossible for cultiva- 
tion by its spread. A few years ago it already covered 
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60.000. 000 acres and was gaining ground at the rate of 

1.000. 000 acres a year. But lately a certain moth has been 
imported specially from South America into Australia. The 
larvae of this moth eat the prickly pear, and, thanks to 
their rapid spreading, the cactus is now losing ground. 

The balance of nature. Both these cases of 
biological control show what man can do to keep down 
pests by supplying their missing enemies. But they show 
more than this. All animals and plants have their enemies. 
These may be animals which eat them, they may be 
parasites, or merely an unfavourable climate. But all the 
time the numbers of each kind of plant and animal are being 
kept down. If there are no enemies the balance is upset. In 
this way, for example, rabbits introduced into Australia 
have now become a plague, for there are no stoats, weasels 
or ferrets to kill them off. 

IV. FLIES AND MOSQUITOES 

Flies and mosquitoes both belong to the same group of 
insects. When they come out of the egg they start life as 
larvae just as butterllics and moths do. This is the growth 
period. The larva sheds its skin (moults) several times. It 
turns into a pupa^ the stage in winch the organs of the 
larva are turned into those of the adult. From the pupa the 
wuiged adult emerges. 

Flies and mosquitoes have only one pair of wings. In 
llight these wings move at an enormous rate. There are 
between 300 and 400 vibrations of the wings per second. 
This causes the buzzing sound. 

The fly. Flies lay their eggs on excrement (faeces) or 
on putrifying animal or vegetable matter. Horse manure 
is a fav'^ourite site. The larvae, or maggots as they are 
called, burrow down into these materials and feed on them. 
The larva is white. It has a segmented body (Fig. 63 and 
Exp. 15). The head is at the pointed end. There are no eyes 
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or limbs. Black hooks can be seen at the head end. These 
are used to help the wriggling movements of the body in 
getting the larva along, and also to tear up the food, which 
is only swallowed in a fluid state. At the broad hind end you 
can see two openings into the breathing tubes or tracheae. 
Fly larvae crawl directly away from a light (Exp. 1(1). 



Pig. 03. Larva and pupa of fly. The larv^a is a])ove ( / 9), the pupa 
below (x 8). The head of the larva is on the right, with hooks pro- 
jecting. O is one of the openings into the tracheae. 


When the larva is fully grown it leaves the filth in wliich 
it has lived and crawls to a dry, and if possible a dark, 
f)lace. Then its skin turns brown and hard. It has now 
changed into a motionless pupa. From this the adult fly 
will later on come out. 

Everyone knows what a fly looks like (Fig. 64 and Exp. 
17). It has two very large eyes on the head, and short 
antennae. Seen under a lens the eyes look like those of a 
cockroach or a butterfly. On the tip of each jointed leg is a 
pair of hooks on either side of a pad (Exp. 18). There is a 
sticky stuff on the pads which allows a fly to walk on a 
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window pane. The hooks and pad help it in walking on the 
ceiling. 

The mouth 'parts arc constructed for sucking liquids. 
Under the microscope (Exp. 19) you will see that the mouth 
parts end in two cushion-like lobes. On these are numerous 
grooves or channels held open by incomplete rings of chitin. 



Thes(* channels run into main gutters leading to the mouth. 
The fly can only suck up liquid food. When it is eating 
sugar it first spits out a li(|uid to dissolve the sugar. Tfie 
house-fly never bites, but it has a relation which is a blood 
sucker. This biting fly can pierce the skin and make a meal 
of blood. 

Flies breed in the warmer months, and the rate of breeding 
is very great. A female can lay up to 150 eggs at a time, and 
she will do this half-a-dozen times in her short life. The rate 
of growth of the larva depends, of course, on temperature, 
but the pupa stage can be reached in four or five days. In 
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warm weather the fly emerges about four days later. A 
fortnight after tliis the first eggs are laid. With this quick 
life and numerous eggs you can easily calculate how rapidly 
flies can spread if the temperature is right and food for the 
larvae is there. 

Themosquito. Mosquitoes and gnats are very near 
relations (Fig. 65). The common English kind of mosquito 
is called a gnat. Various kinds of mosquitoes are found 



Pig. 65. Mosquito, The drawing shows a female mosquito sucking 
blood from the arm of a man. The bent labium is holding the other 
mouth parts. 

all over the world. They are abundant in warm countries, 
and they are almost incredibly numerous in northern 
Siberia. 

Mosquitoes lay their eggs in water. The eggs float at the 
surface, and the larvae and pupae live in water. It may be 
a pond, a slow-running stream or a water butt. The larva 
(Fig. 66 and Exp. 20) has a hairy body, obviously divided 
into head, thorax and abdomen. The three segments of the 
broad thorax are fixed together. On the head are eyes and 
antennae. In front is a pair of bunches of hairs, something 
like shaving brushes. The rapid movement of these brushes 
sweeps the food of the larva into its mouth. The food con- 
sists of microscopic green plants like Chlamydomonas, 
floating in the water. 
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The last segment but one of the abdomen has a long out- 
growth from it. This is for breathing. Although the mos- 
quito larva lives in water, yet it does not take in oxygen 
dissolved in the water like a fish or Hydra, It breathes 
air from the surface. The outgrowth from the abdomen has 



Fi". 67. Mosquito pupa. The photograph shows one of the hreatliiiig 
tubes (/,), an eye (c.), a wing {w.) and the moutJi parts (w.) of the 
future adult. 

two openings at its end which lead into the tracheae. There 
are no other openings into the latter. Mosquito larvae liang 
by their breathing tubes from the surface film of the water. 
While a larva is hanging in this position the brushes on the 
head are hard at work catching food. When the larva is 
disturbed it immediately closes the breathing openings by 
hinged flaps and vigorously wriggles down into the depths. 
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After several weeks the larvae become fully grown and 
turn into pupae. These have quite a different shape (Fig. 
67). The head and thorax are bulky and the beginnings of 
the wings, limbs and mouth parts of the future adult can 
be seen through the skin. The pupa breathes through two 



Fig. 68. MosifuiU) comlrifi out of pupa skin ill the surface of the zvater. 
This is an enlarged photograph of the living insect. ( J. F. Marshall.) 


tubes on the thorax, by which it hangs to the surface him 
of tlie water. Unlike the motionless j)upae of butterflies or 
of flies, the mosquito pupa can swim very axttively by 
flapf)ing its abdomen. }3ut it does not feed. 

The adult comes out of the pupa skin on the surface of the 
water, using the skin as a raft until its wings have hardened 
enough to fly off (Fig. 68). This takes five to ten minutes. 
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The chief interest of the mosquito to the man in tlie 
street — or in the field — is that it, or rather she, pierces the 
skin and sucks blood. For, as Kipling says, “The female of 
the species is more deadly than the male The female alone 
is a parasite on animals; the male contents himself with 



Fig. 69. Mouth parts of a female mosquito, 1, front view; 2, side view 
as the insect is “biting” ; 3, section of thorax and head with mouth 
parts separated; 4, section across mouth parts. (J. F, Marshall.) 

plant juices. The male can easily be distinguished from the 
female because he alone hsis feathery antennae (Exp. 21). 
These hairs are probably his ears. With their help he can 
find the female by her buzzing. 

For piercing the skin and sucking blood the mosquito has 
a formidable collection of weapons. These correspond with 
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the various mouth parts of the cockroach, but tiiey are quite 
different in shape, since they have different tasks to per- 
form. Fig. 69 shows the moutli parts as they arc in the 
animal, separated from one another, and in section. There 
is a grooved '‘'upper lip'' which (with a “tongue”) forms 
a tube. The blood is sucked up this. There is a pair of 
mandibles^ a pair of maxillae, and a single "tongue", all of 
them like needles. These are all held together in the hollow 
labium. Outside of this are the palps or feelers of the 
maxillae. 

When a mosquito bites, all the weapons held in the 
labium arc thrust into the skin. The labium itself does not 
enter the skin but guides the otlier mouth parts, holding 
them between its forked end as a billiard player supports 
liis cue. The labium is flexible, and when the other mouth 
parts have gone right in it is bent double (Figs. 65 and 69). 
The tongue has a minute tube in it, the salivary duct, and 
through this tube liquid from the insect’s salivary glands is 
squirted into the wound. This liquid prevents the blood 
from clotting, as this would spoil the feast. Incidentally 
the saliva stings us. Then the blood is pumped up the tube 
formed by “upper lip” and “tongue” into the insect’s 
alimentary canal. 

V. DISEASE CARRIERS 

You know that many human diseases are due to parasitic 
bacteria. Others are caused by protozoa, that is to say onc- 
celled microscopic animals related to Amoeba. The bacteria 
are blown about in the air as spores. They may infect a man 
in this way, or by reaching his body in food or water. But 
bacteria are also carried by insects, and many protozoa 
which cause diseases, for example malaria, are carried 
from man to man in this way. 

House-fly. This is one of the worst offenders. It 
settles on all kinds of filth and picks up dirt containing 
bacteria on the hairs of its legs. A fly may alight on human 
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faeces containing typhoid bacteria and later on deposit 
these on our food or milk. Flies transport the genus of 



Fif?. 70. Flea, Tlic upper figure shows the flea; the lower figure is 
its larva. The upper figure was drawn by Robert Hooke in 1005. 

tuberculosis from spittle on which they alight. They are 
responsible for much eye disease among natives of tropical 
countries, and they carry cholera germs. It is clear then 
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that it is of the greatest importance to keep down the 
numbers of ilies. This cannot be done by killing the adults, 
for a few uncaught females can lay large numbers of eggs. 
The breeding places must as far as possible be made im- 
possible for the flies. Garbage and dung must not be left 
near human dwellings. It should be covered lip, burnt or 
treated with disinfectants. 

The flea. Fig. 70 shows you what a flea looks like. 
It has no wings, but has long powerful legs for lca})iiig 
(Exp. 22). Its body is compressed from side to side. The 
flea passes through larval and pupal stages. The larva lives 
in cracks in th(^ floor and other such jflaccs. 

Different species of animals have each their own kinds of 
fleas. Monkeys, by the way, have none. It is a rat flea 
which is so dangerous to man, for it carries th(‘ germs of 
plague, the Hlack Deal h of the foui’teenth century. Plague 
is a disease both of the rat and of man. The flea may suck 
the blood of an infected rat. The plague bacteria multiply 
in the gut of the flea. If by chance this flea then attacks a 
man, owing to the mass of baet(‘ria in its gut it cannot suck 
in all the blood it wants. Sojne of tlie blood flows hack out 
of tlic flea into the puncture with bacteria in it and so it 
inflicts the man. 

Fleas cannot be exterminated, altliough their numbers 
can be reduced by keeping houses clean, but you see how 
very important it is to keep down the numbers of rats. 

The LOiTSE. The louse is another wingless insect, but 
very different in ap])earance from the flea (Fig. 71). It is 
responsible for spreading ti/phus fever. When it sucks blood, 
at the same time it deposits its faeces containing the germs on 
tlie skin of its victim. Tlie person bitten naturally scratches 
the irritating s])ot, and this rubs in the germs. The eggs of 
the louse are attached to human hairs. 

The mosquito. This insect is responsible for spread- 
ing malaria. The malaria germ is a protozoan. It is sucked 
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into the insect’s alimentary canal with tlie blood when a 
fever patient is stung. It passes through the gut wall into 
the body cavity of the mosquito, multiplies enormously 
there, and then goes into the insect’s salivary glands 



Pig. 71. Louse, (D, Keilin.) 


(Fig. 69 ), When now the mosquito stings another man, the 
insect’s saliva, as you know, is squirted into tlie wound 
through the canal in the “tongue”, and so the malaria 
parasites enter. 

Great efforts are made to reduce the numbers of mos- 
quitoes in many countries where there is malaria. This is 
done by pouring oil on to the water containing the larvae. 
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With oil on the surface the larvae cannot use their breathing 
tubes and they die. Yellow fever is a tropical disease which is 
also carried by mosquitoes. It was only after mosquitoes 
which carry this disease had been killed off in Panama that 
the canal could be built. 

VI. SOCIAL INSECTS 

Bees, wasps and ants are called social insects because 
they live together in (fommunities. The offspring do not 
leave their parents, but work together to bring up further 
generations. 

The bee. The hive is an aid given by man to the bee. 
It is just a more convenient place for the bee to make its 
nest in than the hollow of a tree. Nearly all the inhabitants 
(Fig. 72) are workers. These are really sterile females, that is 
females which never produce eggs. In the hive is one single 
fertik female, the queen. In addition, there are males (tailed 
droms. The workers do all the duties in the colony except 
reproduction. 

When bees hatch out of the egg they start life as white 
legless larvae or grubs (Fig. 78 and Exp. 23). Then they turn 
into pupae in wliich beginnings of legs, wings, eyes and 
mouth parts can be seen. From the pupae adults emerge, 
queen, workers or drones. Note that bees have four wings, 
not two like Hies. A queen may live five years, but workers 
(in spring and summer) die after eight weeks. Three weeks 
are spent before coming out of the pupa. 

Inside the hive is the comb. It consists of innumerable 
six-sided cells made of wax, with passages between. Some 
cells have an egg laid by the queen in each of them. The 
larvae hatching from these eggs turn, later on, into pupae. 
Other cells are stores of food, either honey or pollen. 

Duties of the workers. Men have <iifferent 
callings or professions, but a worker bee does all the 
different jobs in the hive in regular order one after another 
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as she grows older. On coming out of her pupa skin slie 
first rests and then cleans out the cells from which others 
have emerged. Ihiless the cells arc cleaned the (pieen will 



72. Bees. 1, queen; 2, worker; 3, drone (notice large eyes); 

4, worker with wax coining out of glands. 

not lay another egg in each. Next the worker feeds the help- 
less grubs in their cells, the youngest receiving a kind of milk 
produced by herself, the older larvae getting honey and pollen 
from the stores. Her following job is to take nectar (p. 159) 
from the mouths of older workers returning from visiting 
flowers. She sucks tJie nectar into her own mouth. Inside her 
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gut it is changed chemically and she squirts it out again as 
honey into the storage cells. And she packs pollen (p. 158) 
brought home by other older workers into pollen cells. She 
is also a dustman, carrying dirt outside the hive. Then she 
takes to building new cells with wax coming from glands 
on her abdomen (Fig. 72). 



Fig. 73. Lawa and pupa of bee. A, larva viewed from the side: the 
openings of the traclieac are seen on the sides of the segments; B,. 
pupa viewed from underneath : antennae, mouth parts and legs of 
the future adult bee can be seen. 

During this period the worker Hies out occasionally. Each 
flight is longer than the last, until she gets to know all land- 
marks in the neighbourhood. In her fifth week of life the 
worker serves for a short time as a doorkeeper. She smells 
the entering bees with her antennae and drives off all 
strangers to the hive, bees or others, stinging them if 
necessary with the sting at the end of her abdomen. Then 
finally she begins to gather food, nectar or pollen, from the 
flowers. The pollen is packed into sticky balls on the hairs 
of her hind limbs. 

The language of bees. Bees are attracted to 
flowers by their colours and their scents, but the way in 
which a bee, when she has found a flower with a good supply 
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of nectar, informs her fellow w’orkers is most remarkable. 
On her return home she has a language to tell the news. 
But it is not speech. It is a language of dance and scent 
She executes a dance in the hive, running in circles, and 
this excites other workers to go out and bring in the nectar. 
The discoverer then returns to her find. The others get 
there too, but they do not follow her as a guide. They get 
there independently. How then do they find the right 
flowers? They do so because the finder brought back 
traces of the flower’s scent on her body. During the dan(*e 
the others smelt tins. Thus they know which flowers to 
visit. But this is not the whole story. When a bee finds a 
flower with very abundant nectar, she lets out from glands 
on her abdomen a special scent of her own. This sticks 
around the flower. So the fresh gatherers go out and visit 
all flowers they find having the same flower scent, but if 
by chance they find it they go especially to the flower which 
has the discoverer’s own scent on it. 

Swarming. When the hive is getting overcrowded 
the workers raise a few larvae to become nexv queens. Large 
cells are built for these and the old queen lays eggs in the 
special cells. When the larvae emerge from these eggs they 
are given food with more pollen than usual in it, that is, 
food richer in protein. This turns the female grub into a 
fertile queen, instead of into a sterile worker. Just before 
the new queens emerge from their pupae, the old queen 
flies out of the hive with half its workers. This is a swarm. 
They go off to found a new colony. If the bee-keeper is 
quick enough he gets them to enter one of his empty 
hives. 

Then a new queen emerges in the hive. Soon she flies out 
followed by the drones. This is her nuptial flight One of 
the males unites with her, and leaves in her body a store of 
spermatozoa which will serve for the rest of her life. After 
this, queen and drones return to the hive and the workers in 
the hive kill the other queen pupae. The colony thus starts 
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off afresh with a new queen. In the autumn the drones are 
all turned out of the hive and they die either of starvation 
or they are stung to death by the workers. 

Ant societies. The social system of ants is in many 
ways more elaborate than that of bees. They keep domestic 
animals, they are agriculturalists, and some kinds make 
slaves. Their cattle are plant lice, relations of the green fly 
found on rose bushes. These insects produce a sugary liquid 
which ants like, and the ants tickle them to get it. The 
agricultural ants bring pieces of leaves into their nests and 
manure them with their own faeces so that fungi grow on 
the leaves. The ants enjoy eating these fungi. The slave- 
makers capture the workers of other kinds of ants to work 
for them. 


PRACTICAL WORK 

Esrp. 1. Examine a cockroach externally, using a lens. 

Exp. 2. The separated mouth parts should be shown to the 
class. 

Exp. 3. Dissection of a female cockroach. 

Exp. 4. Watch the heart beating in a living larva of Chiro- 
nomus or Corethra, held in a corapressorium or under a cover- 
slip supported at the corners by wax, and examined under a low 
power of the microscope. 

Exp. 5. Examine tracheae under the microscope. They can 
be seen very clearly through the transparent body wall of a 
living blow-fly larva held in a compressorium and examined 
with a low power objective (one-inch). 

Exp. 6. Examine a grasshopper. Look with a lens for the 
sound-producing organs and for the ear drums. 

Exp. 7. When in the country look out for resemblances of 
insects, birds, etc., to their surroundings. 

Exp. 8. Rear silkworms. 

Exp. 9. Corai)are a moth with a butterfly. 
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Exp* 10. Watch a cabbage butterfly visiting cabbages and 
search for tlie eggs. Mark a leaf with eggs on it and visit it 
daily, noting the behaviour of larvae, and dates of hatching, 
moults and pupation. 

Exp* 11. Examine a large caterpillar with a lens. Make out 
the structure of the body and watch the movements of the jaws 
in feeding. 

Exp* 12. Keep fully fed caterjiillars with leaves in a wide glass 
candle-screen cylinder covered with muslin. Watch climbing on 
glass, formation of silk ladder and pupation. Later on look for 
emergence of adult. 

Exp* 13. Examine the structure of a butterfly. 

Exp* 14. Watch butterflies feeding on a drop of sugar solu- 
tion. 

Exp* 15. Examine living larvae of house-flies or blow-flies. 
These can be purchased at a Ashing bait shop. Notice the mode 
of locomotion. Examine with a lens. After a time the larvae 
will pupate. The pupae should be examined. 

Exp. Ifl. Fly larvae crawl directly away from a light. 

Exp* 17. Examine a fly with a lens. 

Exp. 18. Look at the foot of a fly under the microscope. 

Exp. 19. Study a fly’s mouth parts under the microscope. 

Exp. 20 Catch gnat larvae and pupae and study their be- 
haviour and structure. 

Exp. 21. Examine male and female gnats under a lens. 

Exp* 22. Study a flea under the microscope. 

Exj). 23. Examine with a lens larva, pupa and adult bee. 
Look for pollen combs and baskets. If possible visit a liive and 
talk to bee-keepers. 
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FLOWERS 

W E have spoken of higher plants and lower plants. These 
are also ealled flmuering plants and flowerless plants, for 
only the higher plants have flowers. Mosses and ferns have 
none, nor have pond scums and moulds. Flowers bear the 
reprodueti\ e organs of the higher plants. They produce the 
sci^ds which grow into the next generation of plants. 

I. THK BUTTERCUP 

Structure of the flower. Each flower is 
borne on a floiver stalk. To the top of this tlu* various parts 



Fig. 74. Buttercup flower cut down the middle. The carpels are in the 
centre at the end of the flower stalk. One of them (a) clearly shows 
the ovule inside the ovary. Then come sUimens (b), petals (c) and 
sepals (cl), 

of the flower are attached (Exp. 1). On tlie outside are fivT 
green sepals, looking rather like ordinary leaves (Fig. 74). 
They protect the flower bud before it opens. Inside the 
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sepals are five yellow leaves, the petals. (In the lesser 
celandine the sepals are yellow like the petals.) Each petal 
is above and between two sepals. 

Inside the petals come a large number of yellow stamens. 
Stamens again are a special kind of leaf, although they do 
not look at all like leaves. A stamen has a tliin stalk and a 
swollen end called the anther (Fig. 75 and Exp. 2). 



Fig. 75. Separated parts of the Imtlerciip flower. A, sepal. B, petal; 
n. nectary. C, stamen; a. anther;/, stalk. D, carpel; ov. ovary; 
si. stigma; sy. style. 

Right in the centre of the flower you will see a number of 
green bodies called carpels. These again are another special 
kind of leaf. A carpel has a swollen lower part, the ovary, ^ 
and a narrower upper part called the style. The tip of the 
style is known as the stigma. Within the ovary is a round 
body, the ovule. 

Pollination. Inside the anthers pollen grains are 
produced (Exp. 3). When the anthers are ripe their walls 
burst and the pollen is set free. When the ovules are ripe 
the stigmas become sticky. 

The next thing that happens is that pollen grains get on 
to the ripe stigmas. Pollination is the name given to the 

^ The ovary of a flower does not correspond to the ovary of an 
animal (p. 89). 
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transfer of pollen from the burst anthers on to the stigmas. 
As soon as the pollen grains get on to the stigmas a thin 
tube, the jjollen tube, grows out of each pollen grain (Exp. 4). 
This pollen tube grows down from the stigma through the 
style towards the ovule. One of the pollen tubes, that one 
which has growm out quickest, penetrates into the ovule. 
A nucleus in the pollen tube then fuses with the nucleus of 
a cell inside the ovule. Later on each ovule develops into a 
seed, while sepals, petals and stamens wither away. 

Pollination in the buttercup and many other flowers is 
done by insects. The whole reason for the scents and colours 
of flowers which we admire so much is not to please us, but 
to attract insects to transfer pollen from anthers to stigmas. 
Butterflies, bees and other insects visit coloured flowers, 
not with the disinterested idea of transferring pollen from 
anthers to stigmas, but to get food (p. 153). The buttercup 
and many other flowers provide a sugary liquid for insects, 
called nectar. The nectaries which produce it can be seen in 
the buttercup at the base of each petal (Fig. 75). While the 
insects are engaged in their own food collecting, pollen 
clings to their hairy bodies and is rubbed off again on the 
sticky stigmas. 

Alternation of generations. Such is the 
process of reproduction in flowering plants. Liverworts, 
mosses and ferns, you will remember, have an alternation 
of a sexual wdth an asexual generation. The moss plant 
reproduces sexually. From its fertilized egg cells sporogonia 
develop which produce spores and these grow into moss 
plants again. The liverwort does the same. The fern pro- 
thallus reproduces sexually, and its fertilized egg cells grow 
into fern plants which bear spores to give more prothalli. 
At first sight it looks as if there were nothing like this alter- 
nation of generations in flowering plants. Pollination and 
its results look like quite another story. Nevertheless there 
is an alternation of sexual with asexual stages in ail 
llowering plants. 
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The familiar flowering plant, the buttercup for instance, 
is the asexual sta^e. It corresponds to the fern plant and it 
produces spores. Instead of the sporangia being on all the 
leaves Jis in the fern, they are on special leaves in the 
flowers. These special leaves bearing sporangia are the 
stamens and the carpels. Moreover, instead of there being 
one kind of s])ore as in the fern or moss, there are two 
kinds, the pollen and the spore which is inside the ovule. 
But where is the sexual stage into which tlie spores 
devTlo])? 

'file truth is that the sexual stage in the life of the 
(lowering plant is both shortened and very much reduced in 
sizc.^ The spores produce a sexual stage, but instead of this 
being a visible ]>laut like the liv’’erwort, moss or prothallus, 
it is microscopic. 

Moreover, the story is made more comj)li(iated by an- 
other circumstance. In the liverworts, mosses and ferns 
tlie spore developed into a sexual plant which bore both 
male and female organs. In other words, the liverwort and 
moss plants, and the fern prothallus, liave both male and 
female organs like Hydra or the eartliworm. But in the 
flowering plants, as you saw, there are two different kinds of 
spore. One kind, the pollen, develo})s into tlie male sexual 
stage in the life history. The other kind of spore, one inside 
each ovule, develops into the female sexual stage. 

Pollen grains (spores) grow pollen tubes. Inside each 
pollen grain the male sexual stage is formed, and there is a 
single nucleus in the pollen tube whieli is the male gamete. 
This corresponds to a spermatozoid. The female stage arises 
from the spore which is inside the ovule. In it is an egg cell, 
the lertiale gamete. Fertilization occurs when the male 
gamete from the pollen tube unites with the nucleus of 
the egg cell. Table A may make this complicated story 
clearer. 

You will learn later (p. 184) what is the advantage to the 

‘ In the fern, too, the sexual stage (prothallus) is reduced and 
shortened compared with the sexual stage of tlie moss or liverwort. 
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plant of tliis telescoping of the sexual stage, and of the 
existence of two kinds of spores giving rise to separate male 
and female stages. 


II. THE PEA 

Symmetry. All the petals of a buttercup are alike. 
This is not so in the pea flower (Fig. 76). Here the petals 
are of three different shapes. The buttercu}) is star-shaped. 




Fig. 70. Flower of sweet pea, A shows the whole flower. C, sepals; 
Kf keel; 5, standard ; W, wings. B shows the nine united stamens 
enclosing the ovary, and one free stamen (A) forming a lid to the 
trough. The style (Y) can be seen sticking out between the anthers. 

It is said to have radial symmetry y like a wheel. The pea, on 
the other hand, is bilaterally symmetrical. A ])lane througli 
the middle cuts the flower into tw^o halves, one of which is 
the mirror image of the other. Among animals, Hydra is 
radially symmetrical, while the earthworm, insects and we 
ourselves have bilateral symmetry. It is true that one side 
of our body is not the exact mirror image of the other. The 
heart is rather to one side and nobody has both sides of the 
face identical. The earthworm, however, is exactly the 
same on both sides. The reason wliy the pea flower has its 
particular shape is to help insects to bring about pollination. 

102 



PEA 


Clover, lupin, laburnum and bean plants belong to the 
same family and have similar flowers. 

Stkucture of the flower. There are five 
sepals which are joined together forming a kind of cup 
(Fig. 76 and Exp. 5). The petals, too, are five in number, 
but they are not all alike. They are of three kmds. These 
are (i) one standard at the top of the flower, (ii) two wing 
petals at the sides, and (iii) two petals below, joined along 
their edges to form the keel. 

The ten stamens and single carpel arc hidden inside the 
keel. Nine of tiie stamens arc joined together, forming a 
trough. Only the ends of these stamens with the anthers 
arc free. The tenth stamen is not joined to the others 
but forms a lid to the trough. Inside the trough is the 
nectary. 

The single carpel is hidden in the trough of stamens. The 
ovary is nearly transparent and you can see a number of 
ovules inside it. The style (or pistil) is the bent end part of 
the carpel, sticking up between the antliers. On the top of 
the style is the stigma. After fertilization of ilie egg cells 
inside the ovules, the ovary develops into the pod. 

Cross-pollination by insects. In most plants 
it is not good lor egg cells to be fertilized by male 
gametes which have arisen from the same flower. The seeds 
which result grow into weakly plants. To avoid this, various 
means are taken to transfer the pollen from one flower on 
to stigmas in another flower. This is cross-pollination. The 
design of the pea flower is largely for this object. In cases 
when stigmas do receive pollen from the same flower they 
are said to be self-pollinated. 

Flowers of the pea family are cross-pollinated chiefly by 
bees. The insect, attracted by the scent and colour of the 
flower, alights on the wing petals. Tlicre is a nectary hidden 
inside the trough of the stamens. The bee pushes her mouth 
parts between lid and trough c)f stamens to get nectar which 
she (*arrics away to her hive to make honey. 
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The weight of the bee’s body forces down wing petals and 
keel. But the stiff tube of stamens, wuth the style inside it, 
now sticks out. Tlie weight of the bee’s body causes the style 
to move forwards like a piston between the anthers. As a 
result, a ring of liairs on the style sw^eeps the pollen out 
on to the underneath side of the bee’s abdomen. 



Fi^?. 77. Grafts flowers with hanging anthers and feathery stigmas. 
Pollen is being blown from the right-hand flower on to the stigmas 
of the left-hand flower. 


13ut the stigma at the end of the style, being further out 
than the ring of hairs, touches the bee first. In this way 
any pollen from another flow^er, which the insect may have 
sticking to its Ixxly, gets first on to the stigma. After this 
has happened, pollen swept out by the hairs on the pistil 
gets on to the bee’s body. This pollen will stick to tlie stigma 
of the next llower the bee visits. 

You can imitate tlie bee’s actions by pressing down on 
the wing petals of a pea flower with your finger (Exp. 6). 
The style wdll push out pollen. 

Wind pollination. Not all flowers are brightly 
coloured. Some are green. These do not depend on insects 
for pollination, but the pollen, wdiich is particularly light, 
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is blown by the wind from flower to flower. Grass is a good 
examine (Fig. 77). The anthers can easily be seen hanging 
out of the flower. The stigma is very hairy, thus catching 
flying pollen easily (Exp. 7). 

111. THE DEAD-NETTLE 

The dead-nettle flower has five sepals joined into a bell, 
and live petals also joined together forming the peculiarly 
shaped flower seen in Fig. 78. The stamens are four in 
number. Between the anthers can be seen the two-lobed 
stigma. 

Cross-pollination is done by bees. Nectar is 
produced by a 7iectary at the bottom of the tube of petals. 
The bee alights on the lower lip of the petals and pokes her 
head down to get the nectar. In doing so her whole body 
blocks up the entrance of the flower. Since the front lobe of 
the stigma projects further out than the anthers, it touches 
the bee’s back first and receives pollen whicli she has 
brought from another flower. Then pollen from the anthers 
is rubbed on to the body of the bee. When the bee visits the 
next flower, this pollen will first touch its stigma (Exp. 8). 

If you dissect the flower you will see a ring of hairs at its 
inner end. They protect the nectary from small insects. If 
these could get at the nectar they would crawl all over the 
parts of the flower and transfer pollen from anthers to 
stigma, causing self-pollination. Small holes are often 
seen at the lower end <d‘ the tube of petals. Thest* holes have 
been made by little insects which have stolen ne(*tar. 

Mint, sage and lavender belong to the same family as 
the dead-nettle. 


IV. THE SUNFLOWER 

The “flower” of the sunflower, daisy or dandelion is not 
a single flower but n group of flowers packed close together to 
form a head (Fig. 79). Each of the flowers in the centre of 
the head of sunllower or daisy has five petals joined together 
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(Exp. 9). Around the edge of the head of the sunflower the 
flowers also have five petals joined together, but three of 
these petals are much longer than the others. In the dan- 
delion all the flowers have their five petals joined together, 
and they grow out to one side to make a sort of tongue 
(Fig. 80). In tlie dandelion the sepals are hair-like. 

Each of the central flowers has five stamens. The stems of 
tile stamens are free from one another, but the anthers are 
joined together. They form a tube surrounding the style. 



Fiff. 79. Flmver head of a daisy ^ cut in two. The central flowers have 
short fxitals, those at the edge have three united petals drawn out 
into tongues. 


The arrangements for pollination are very curious. The 
anthers ripen before the stigma. In each flower on the head 
the pollen is first shed inwards into the tube between the 
anthers. Then the pollen is pushed out of this tube by the 
lengtliening of the style (Fig. 80, B). In tliis jirocess pollen 
does not reach the stigma, because the end of the style is 
split and the two surfaces of the stigma facing one another 
are pressed close together. Small insects crawling about on 
the head in search of nectar pick up the pollen that has been 
puslied out in the way just described. Later on the stigma 
becomes ripe. Its two surfaces are now separate from one 
another (Fig. 80, C). They are ready to receive pollen 
brought by insects from another flower. 

But if no insects happen to cross-poll inate the stigma, 
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the flower is not beaten. The two ends of the stigma then 
curve downwards and pick up pollen from the same flower on 
to their sticky surface (Fig. 80, D). Self-pollination results. 



Fig. 80. Dandelion, A, young flower. B-D, stages in ])olliiiation. 
a, anther; or. ovary; />. jmllen; pet. petals; .v. stalk of stamen; sep. 
sepals; sUg. surfaces of stigma; sy, style. 

V. THK SNAPDRAGON 

This is anothcT flower with bilateral symmetry (p. 162). 
There are five sepals and there arc five petals wliich are 
joiiuni together to form a tube, the mouth of which is al- 
most closed (Exp. 10). Nectar is produced at the bottom of 
the tube. Pollination is done by bees. A bee forces her way 
into the mouth of the tube of petals, comidetcly blocking 
up the entrance with her body. Consequently the four 
anthers and the stigma rub against the bee’s back. This 
may result in either self- or cross-pollination. 

To ensure cross-pollination the figwort, another plant of 
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the same family as the snapdragon, has a stigma which 
ripens before tlie anthers. Many Mowers have the reverse 
arrangement: the anthers ripen before the stigma. This is 
the case, for example, of the common cow'parsnip^ which 
belongs to the same family as the carrot. 

VI, THE PRIMROSE 

This flower has a very ingenious arrangement for cross- 
pollination, and quite a different one from anything we 
have yet met. There are two distinct types of flower which 




PMg. 81 . Primrose: pin-eyed (A) and thrurn-cyed (B) 
ilowers cut down the nuddle. 

are borne on separate plants. These are called pin-eyed and 
thrum-eyed (Exp. 11 ). In the former, the stigma can be sc‘en 
at the entrance of the tube formed by the five united petals. 
In the thrurn-eyed flowers the anthers are at the opening. 
Fig. 81 explains the structure of the two kinds of flowers. 
In one the stigma is above the anthers : in the other it is the 
reverse. 

Hecs visit the flowers. In the ])in-eyed type the pollen, 
which is sticky, becomes attached to the bee’s head. When 
a bee visits a thrum-eyed flower, this pollen will stick to the 
stigma, which is just at the right level. If a bee fii*st visits a 
thrum-eyed flower you can work out for yourself what will 
be the course of events. The “primrose by the river’s brim” 
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is not so simple after all. It should be added that although 
primroses possess this device for cross-pollination, the 
llowers are often self-pollinated. 



Fig. 82 . Willow, A, catkin of flowers bearing stamens; B, catkin 
of flowers f>earing carpels; C, flower with stamens; D, flower with 
carpels. Each flower has a scale-like leaf to protect it. 


VII. THE WILLOW 

This is a tree which has flowers grouped together in 
catkins. Its special interest is that there are two sorts of 
catkins (Fig. 82 and Exp. 12). These are borne on separate 
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trees. One kind of catkin has flowers with stamens but no 
carpels. The stamens give it a yellow colour. The other 
has carpels only and is olive-green. 

Neither kind of flower has any \ 

sepals or petals. Cross-pollination ^ 

is of course the only possible ^ A 

method of pollen transfer. It is 

carried out by bees and other 

insects. 


VIII. THE TULIP 

The tulip belongs to the same 
hmiily as hyacinths and onions. The 
three petals and three sepals are 
all coloured and are all exactly 
alike (Exp. 13). There are six B 
stamens and three carpels, the 
latter joined together to form the 
ovary. The tulip has no nectar. 

It is visited by insects for its 
pollen. For bees, as you will re- 
member (p. 153), not only take 
nectar from flowers but they also 
(*arry away i)ollen to their hives 
for food. The tulip gives them 
pollen alone and so incidentally 
gets cross-pollinated. 

IX. THE PINE li| 

Pine cones correspond to flowers 
(Fig. 83). The tree has two separate Female cone of the 

kinds of flowers (Exp. 14). One gf^,Qvvr the two ovules (o) on 
of these produces pollen, the otlier it. B, young cone, 
bears ovules. Neither kind has 

sepals or petals, but merely scale lea^'cs which correspond 
to tlie stamens and to the carpels of the flowers we have 
studied already. Pollination is done in May and June by the 
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wind. Pollen from one kind of “flower” falls on to the 
two ovules borne on each scale of the other kind of “ flower 
The ovules arc exposed, not enclosed in an ovary. But 
fertilization of the egg cells does not take place until a year 
after pollination. Meanwhile the green cone is growing. 
After fertilization, seeds are not formed for yet another 
year. By that time the cones have changed into the familiar 
brown form. 


PRACTICAL WORK 

Krp. 1. Examine a buttercup flower and cut it through 
longitudinally. Use a lens to examine it. 

Exp. 2. Remove stamens and carpels for study under a lens. 

Exp. 3. Examine pollen grains under a microscope. 

Ex^. 4. Shake pollen grains from a wild hyacinth or other 
flower into a beaker containing a 10 per cent, solution of sugar. 
Next day pipette out the pollen and examine it under the 
microscope to see pollen tubes. 

Exp. 5. Examine the pea flower and then dissect its parts. 

Exp. 6. Gently depress tlie wings and keel of a pea flower and 
see how the pollination mechanism works. 

Exp. 7. Examine a grass flower with a lens. 

Exp. 8. Study the pollination mechanism of the dead-nettle. 
The yellow archangel is a near relation of the dead-nettle and is 
a very suitable flower to study. 

Exp. 9. Examine a sunflower or dandelion and then dissect 
the flowers and study them with a lens. Look for flowers with 
ripe anthers and others with ripe stigmas. 

Exp. 10. Examine the snapdragon. 

Exp. 11. Look for pin-eyed and thrum-eyed primroses. Cut 
the flowers open and study the arrangement of anthers and 
stigmas. 

Exp. 12. Examine the two types of willow catkins with a lens. 

Expt. 13. Examine the tulip. 

Exp. 14. Look at branches of a j>ine tree in May or June to 
see (i) pollen -producing “flowers”, (ii) cones of first, second and 
third years’ development. 
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FRUITS AND SEEDS 

Aftek the (^ell inside the ovule of a flower has been 
fertilized, the ovule grows and develops into tlie seed. This 
eontains a young or embryo plant. Later on the seed will 
fall to the ground and germinate^ dcveloj)ing into a new 
plant. 

The fhuit*. When the seed begins to form, there 
is no more use for the sepals, petals and stamens of the 
flower. They witlicr away. But the ovaries have not 
flnished their work. They grow bigger and become the fruit 
surrounding the seed. 

In popular language a fruit is something juicy tliat we 
can eat. But to the botanist the word ‘'fruit'’ means more 
than this. For many flowers form hard fruits. Plums, 
apri(‘ots, currants, melons and oranges art‘ fleshy, edible 
fruits. But the nuts of the hazel and beech are equally 
fruits, formed by the growth of the ovary. And so too are 
the pods of peas and beans, and the small dry fruits of 
the buttercup. 

The seed. Inside the fruit are the seeds formed from 
the ovules of the flower. Examples of s<"eds are peas, melon 
seeds, orange pi})s and date stones. But in th(‘ ])lum things 
are more deceptive. Here, both the edible ])ortion and the 
stone are parts of the fruit, formed from the ovary, while the 
kernel inside the stone is the seed, 

Spueading of seeds. There are two reasons why 
fruits are formed. One is to protect the seeds while they 
are developing. The other is to sf)read them from place to 
place. This is the only chance that plants have of travelling. 

Plants produce enormous numbers of seeds, but very few 
of these ever grow into new plants. For tlu\y arc spread in 
all directions more or less haphazard, and few of them will 
^ For the eliissificatioii of fruits see Appendix !!• 
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chance on the right kind of soil. Buttercups will not grow 
well in a wood nor the lesser celandine in dry places. More- 
over, when numerous seeds do fall on suitable ground and 
all germinate, only a few survive. Only the strongest seed- 
ling plants will be able to grow, ousting their neighbours in 
the struggle for food and room. Thus it is necessary for 
plants to produce great numbers of seeds so tliat they may 
be spread in all directions and a few healthy plants grow up 
in the right places. 

Since seeds cannot travel under their own power, they 
must be transported in various ways. Some seeds are shot 
out from the plants which produced them by a sort of 
explosion. Others are carried by the wind, by water and by 
animals. 

Explosive fruits. When the fruit is a dry one, its 
walls may split and shoot out the seeds, while the fruit is 
still attached to the plant. In the gorse, broom and vetch^ for 
example, which are pi ants of the pea family, the pods dry and 
curl, forcing out the seeds some feet away (Fig. 84, A, B). 
You can hear the crackling of these fruits on a fine day. 

The violet has an ovary made by three carpels. When the 
fruit is ripe, these three separate from one another into 
boat-shaped parts (Fig. 84, C). Then the sides of each boat 
in drying press on the seeds and shoot them out, like cherry 
stones shot from the fingers. 

Spreading BY wind. The wind spreads very many 
different kinds of seeds and fruits from place to place. 
Fiiiits and seeds are constructed in various ways to take 
advantage of the wind. 

Some seeds are very small and light. Orchid seeds, for 
example, can be blown long distances by the wind. Some 
dry fruits are on stiff long stalks and the seeds remain in 
them until shaken out by the wind. The poppy (Fig. 84, D) 
fruit, for instance, has a ring of small openings at the top, 
like a pepper box. The seeds are shaken out through these 
holes when the stalk is bent by the wind and rights itself 
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again. The seeds are then blown away a certain distanee. 
Grains of corn, too, are blown about by the wind. After the 
army had advanced into Palestine in the War, enormous 
areas of uncultivated land were seen on which barley was 
growing from grains blown away from forage dumps. 



84. Fruits. A, pod of vetch; 13, same, after seeds have been 
expelled; C, violet fruit shut and open; D, old and younj^ P^^PPy 
fruits. 


Ihit often hairs and wings are dcvclopt'd so that the wind 
may be more effective in iransport. Sometimes these out- 
growths are on the seeds themselves and the seeds are blown 
about after they have left the split fruits. This is the case 
with the hairy poplar and willow seeds. Cotton fibres are 
hairs on the seed of the cotton plant which serve the same 
purpose. In other eases it is the fruit which has a hairy 
))ara(»hute and so is blown away with the seeds inside it. In 
the wild clematis the styles turn into long feathery plumes 
(Fig. 8.5, B). In the dandelion the hair-like sepals (p. 167) turn 
into the parachute (Fig. 85, C-E). While still all together 
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on the flower head these fruits form the well-known 
“one o’clock”. Darwin pointed out how very successful is 
this method of spreading. A kind of thistle introduced from 
Spain to La Plata in South America gradually covered 
huge areas, crowding out other plants. 



Fi". 85. Fruits spread by the wind. A, lime; B, clematis; 
C-E, dandelion. 


Sometimes fruits or seeds have so-called wings. In the 
lirne tiiere is one wing on a stalk bearing several fruits 
(Fig. 85, A). The ash and sycamore have wings on the 
fruits themselves (Fig. 86, A). Small light seeds and friiits 
which have hairs on them can be carried further by the 
wind than the heavier fruits with wings. The latter are all 
on trees, not on low-growing i)lants, and so the wind has 
a better charu*e of carrying them some distance. 
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WATER AND ANIMAL TRANSPORT 

Water transport. Plants which live in the water 
or beside water have fruits or seeds which lloat, and are 
transported by streams. Examples are tlie water lily, 
rushes and sedges. The coconut is the large fruit of the 
coconut palm. It floats and is often carried great distances 
by ocean currents. In this way the palm has been spread to 
islaixds throughout the South Seas. 



Fig. 80. Emits. A, winged fmit of sycamore with ovary wall cut 
away on left to show coiled embryo. H, hooked fruits of burdock. 

Spreading by animals. There are several 
different ways in which seeds may be transported by 
animals. In the first place, small fruits or seeds can sti(*k to 
the animals’ feet, embedded in mud. Birds are the chief 
agents in this kind of transport. Darwin removed the soil 
from the foot of an injured partridge and grew as many as 
eighty-two seedlings from it. Obviously no special struc- 
tures are developed by the plants for this kind of spreading. 

Then there are dry hooked fruits which cling to the coats 
of animals. The burdock is a common plant with these 
hooked fruits (Fig. 80 , B). Such fruits are found on plants 
growing on the ground, where animals could brush against 
them. 
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Fleshy fruits are eaten by birds and the seeds pass 
out with the faeces of the animals. The fleshy part is di- 
gested but the seeds escape digestion because they are 
surrounded by a hard coat. The hard part may be formed 
by the coat of the seed itself, as in grape and currant seeds, 
or it may be the inner part of the fruit, as in cherry and plum 
stones. 

Sometimes the fruit is formed, not in the usual way from 
the ovary, but from the top of the flower stalk, swollen out 
and become fleshy. This is the case of tlie strawberry^ in 
which the “ seeds are really small dry fruits. In the apple, 
too, the edible part is the swollen top of the flower stalk, 
while the “ core ” is the ovary wall with the seeds or pips 
inside it. 

But the result is the same in all fleshy fruits, however 
formed. The fleshy part attracts birds by its colour and 
taste, and it contains sugars which arc food for them. Just 
as winged fruits are on trees, and liooked fruits on the 
ground, most fleshy fruits are on bu>shes and trees where 
birds can get them easily. 

Finally, some animals spread seeds in yet another way. 
Squirrels make hoards of nuts, and ants store the seeds of 
gorse and other plants. All of the seeds are not eaten and 
some germinate later on. 

PRACTICAL WORK 

Study the structure of the fruits and seeds mentioned in this 
chapter. 
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CHAPTER XIII 


GERMINATION AND GROWTH 

A SEED contains an embryo plant and it contains a store 
of food. When the seed germinates, the young plant grows 
and uses up tliis reserve of food until it is big enough to 
carry on photosynthesis with its first leaves and to absorb 
salts through its young roots. We shall study three different 
kinds of seeds. 




Fifr. 87. Bean seeds, A-C seen from the outside; s, hvaxv of stalk 
which attached seed to pod. D, embryo after removal of seed coat. 
E. embryo with one cotyledon removed. F, seed cut along arrow 
in A. coi, cotyledon; p/, plumule; r, radicle. 

Structure of the bean seed. Broad beans 
should be soaked in water for a day or so (Exp. 1). They 
absorb water, becoming larger and softer. A broad scar is 
seen at the thicker end of the seed (Eig. 87). This is the 
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place where the seed was attached by a stalk to the pod. 
Covering the seed is a thin seed coat which can be removed. 
All that is inside this is the embryo plant. Most of it is made 
up of two thick leaves called cotyledons. They can be 
separated from one another. On one side of the embryo, at 
the place where the two cotyledons are joined together. 



Fig. 88. Bean seed germinating. The radicle grows downwards and 
the pkimule upwards whatever position the seed may he in. sc, stalk 
of cotyledon. 

there is a small pointed root, tlie radicle. Between the 
cotyledons is a small bud, the plumule^ consisting of a very 
small stem and folded leaves. 

The cotyledons are thick and fill up most of the seed, 
because they contain a store of food in their cells. It is 
mostly starcii (Exp. 2), but there is also a certain amount of 
protein. 

Germination. Usually a period of rest is necessary 
after seeds are formed before they will sprout or germinate. 
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Most seeds wait through the winter and germinate in the 
spring. But many are able to wait years before tJicy sprout. 
Bean seeds which had been kept in a museum 100 years 
have been known to germinate. 

When the bean germinates (Exp. 3), first the seed coat 
splits and the radicle grows out. The young root grows 
downwards (Fig. 88) no matter in which direction the seed 
may be lying. Next the plumule grows out. Just as the 
radicle grew downwards, the plumule grows straight up- 
wards. The plumule is at first bent double. The result of 
this is that the delicate young leaves are not injured w Idle 
the plumule pushes its way up tli rough the soil. When the 
young stem arrives above the earth it straightens out and 
its leaves turn green. Chlorophyll appears in tlu'in. Mean- 
while the root has become longer and side roots have begun 
to grow out from it. All this time the young plant has 
been absorbing the stored food from the cotyledons, which 
slowly shrink in size. 

Castou-oil seed. It is not in all kinds of seeds 
that the store of food is inside the cotyledons. In some the 
food within the seed is outside the embryo. This is the case, 
for instance, in the castor-oil seed. 

When the seed coat is removed, the whitish food vStorc is 
seen. It contains a lot of oil in place of the starch of the 
bean, and also some protein. If the food mass is cut in two 
vertically, the embryo can be seen embedded in the middle 
of it (Fig. 89 and Exp. 4). There are two thin cotyledons 
with a very small plumule between them and there is a 
radicle. 

When the seed germinates (Exp. 5) the cotyledons first 
start absorbing into themselves the store of food which is 
all around them. Before long the seed coat is burst by the 
growth of the young plant. In the germinating bean the 
plumule elongated, but this is not the first thing that 
happens in the sprouting castor-oil seed. Here the region 
between the cotyledons and the radicle becomes longer. 
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Pi^. 89, Costor-oil seed, i, seed from outside; ii, seed cut in two to 
show one of the cotyledons; iii, seed cut across showing cotyledons 
surrounded by food; iv and v, seeds germinating with cotyledons 
still in food mass; vi, same cut in two; vii, cotyledons being raised 
above the ground, with food still attached to them; viii, young plant 
with oval cotyledons expanded and first ordinary leaves. 
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This raises the cotyledons above the ground while the 
radicle grows downwards and becomes a branching root. 
At first the stem bearing the cotyledons is bent double, 
with the same result as in the case of the bent plumule of 
the bean seedling. 

Later on the stem straightens and i^he cotyledons turn 
green. Meanwhile, the remains of the seed coat, which the 
cotyledons have dragged up from the earth with them, 
falls off. At the same time the plumule is developing and 
the first pair of real leaves grow out above the cotyledons. 
It can be seen now that the cotyledons have a different and 
simpler shape than the later leaves. It is clear that the 
cotyledons first absorb the food from the seed into the 
embryo, and afterwards they carry on photosynthesis. 

Maize. In the maize, wheat and other cereals we have 
yet another type of seed. Here again the food store of the 
seed is outside the embryo, but this time there is a single 
cotyledon and it is not leafy. 

On one side of the maize grain is a whitish patch (Fig. 90). 
Underneath this lies tlie embryo. When the grain is cut in 
two through the middle (Exp. 6) the embryo can be seen. 
The rest of the seed is filled with reserve food, mostly 
starch. This food is gradually absorbed into the embryo 
through the cotyledon. 

When the seed germinates (Exp. 7) the radicle appears 
first and grows downwards. The plumule then makes its 
appearance. It is enclosed in a sheath which protects the 
young leaves as the plumule pushes its way through the 
earth, growing straight upwards. Once in the air, the 
young green leaves come out of the sheath. 

The benefit of seeds to the plant. Seeds are 
formed from ovules. The ovules are within ovaries for 
protection, and the ovules receive food for the growth of 
the seeds from the plant which bears the dowers. When 
formed, the seeds each contain an embryo plant with a 
store of food to start it in life. And there are special 

183 



GERMINATION AND GROWTH 

arrangements for subsequently distributing the seeds far 
and wide. 

Only the flowering plants have seeds. Mosses, liverworts 
and ferns have none. But it is the flowering plants which 
are the most successful land plants on the surface of the 



Fi^j. 90. Maize grains. A, whole jrrain; st. remains of stigma. B, 
grain cut down the middle; cot. cotyledon; end. reserve food; pi. 
plumule; r. radicle. C-E, stages in germination. 


earth. Mosses, liverworts and ferns are found locally: 
flowering plants are everywhere. This is largely because 
they alone possess seeds. 

The advantage of two kinds of spore and 
OF THE shortened SEXUAL GENERATION. YoU 
can now understand the advantage to flowering plants of 
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having two kinds of spore (pollen and spore in ovule) 
giving rise to separate male and female sexual stag(js, and 
of the telescoping of these sexual stages (p. 161 ), for this 
modification of the life-history enables seeds to be formed. 

Within the ovule is the female sexual stage, and in this 
there is an egg cell, or female gamete. The latter will 
develop into the embryo, while the ovule will turn into 
the seed containing the embryo. But before the egg cell 
can develop into an embryo it must first be fertilized by a 
male gamete. The male gamete is produced by the male 
sexual stage within the pollen grain (spore). The male 
gamete, however, could not swim to the egg cell in the 
way that the spermatozoid of a moss or fern (loes. There is 
no water for it to swim in, and the egg cell is hidden away 
within the ovule, itself inside the ovary. So the male 
gamete is transferred passively by tht‘ j)ollen tube to the 
egg cell. The pollen tube grows down through the style, 
and then the male gamete moves inside the pollen tube to 
bring about fertilization. 

The uses of seeds by man. Seeds, as you have 
seen, are packed with food materials. For this reason they 
are the most important crops grown for human consumption. 
The cereals, belonging to the grass family, are the most 
valuable. These are wheat, barley, rye, oats, maize and rice. 
They contain (chiefly starch, but also quite a lot of ])r(jtein. 
The latter varies in amount in different grains: wheat con- 
tains more than rice. The pea family supplies another very 
important group of seeds, including beans, peas and lentils. 
They have a higher proportion of protein to starch than the 
cereals. Then there are seeds containing oil, particularly 
those of palms, which are a very important food in Africa. 
Nowadays palm oil is extracted for making margarine. 
Linseed (from the flax plant) and cotton seed (from the 
cotton plant) supply oils for foods and for various in- 
dustries. Oil from sunflower seeds is extensively ^used in 
Russia for cooking. 
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Conditions for germination of seeds. 
When seeds are planted, they do not sprout unless they are 
watered or unless it rains. Dry seeds do not germinate 
(Exp. 8). Water f then, is one of the necessary conditions for 
germination. You have seen from your experiments that 
when beans or other seeds are soaked they swell up. Water 
is absorbed into them before they start to germinate. 
Seeds that fall on the ground from plants in the autumn 
do not sprout until the spring. This is partly because, as you 
know, a time interval is necessary before seeds will sprout, 
partly because a certain amount of Jieat is necessary. The 
higher tlie temperature, the quicker sprouting takes place. 
This is true up to a certain temperature. Above this plants 
are killed. The heat then upsets the normal chemical re- 
actions in the protoplasm. Not only germinating seeds but 
all plants grow quicker and quicker as the temperature 
rises, up to a point above which they dic.^ 

But some plants flourish at rather higher temperatures, 
others at lower. That is why there are different floras in 
arctic, temperate and tropical countries. 

Germinating seeds respire, like all living organisms. They 
absorb oxygen. Consequently, seeds cannot germinate in 
places where oxygen is lacking. They will not sprout in 
waterlogged soil. Indeed, the respiration, and so the 
oxygen intake, of germinating seeds is particularly active, 
more so than in other parts of plants. You have seen a 
result of this already in the amount of heat which is pro- 
duced by sprouting seeds (p. 3). The reason, of course, for 
this very active metabolism is that while the seed is germi- 
nating growth is very rapid. Much energy is required for 
the quick building up of fresh protoplasm and cells. 

Water and oxygen, then, are necessary for germination to 
take place, and heat influences the rate at which seedlings 
grow. But there is another factor which affects the growth : 
this is light. You have probably seen that when a large 

^ This is true also of animals, except birds and mammals which 
have a controlled body temperature (p. 239). 
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stone or plank is lifted up in the garden, the grass under- 
neath is long and it is yellow instead of being green. This 
is because plants grow more in darkness than in light, but 
in the dark they do not develop chlorophyll. An experi- 
ment with germinating seeds kept in the dark will prove 
this (Exp. 9). Of course, after a time the plants kept in 
darkness die. When the seedlings have used up all the food 
in the seeds they must die in the dark, since without 
chlorophyll and light they cannot carry on photosynthesis. 
But even in dim light plants grow more than in bright sun- 
light. In a wood the vegetation on the ground is higher 
than in a Held. And this greater growth in dim light is of 
use to plants. For when they are crowded together, those 
that are shaded by the leaves of others grow quicker and so 
bring their leaves into the sunlight which they need. 

Enzymes. Most of the stored food in seeds is starch or 
oil. This is needed to supply energy to the young seedling 
plant as it grows. For this purpose the carbohydrate or 
the oil will be oxidized in respiration. The stored food is re- 
quired, too, as building material. But the starch or oil must 
first be moved from its storage place in the seed (inside or 
outside the cotyledons according to the kind of seed) into the 
young root, stem and leaves. How is this removal done? 

The standi is turned into sugar. Starch is insoluble, sugar 
is soluble in water, and therefore in tlic form of sugar the 
carbohydrate can move in solution to the place where it is 
wanted. You will remember tliat when malt is formed from 
barley for brewing, starch turns into sugar in this way 
(p. 79). The change from starch into sugar is done by an 
enzyme. There is an enzyme for this purpose in tlie seed, 
like the ptyalin which acts on starch in our mouth (p. 7). 
In other words, the starch in the seed is digested to sugar. 

Seeds not only contain starch or oil but proteins in 
addition. These, too, must be moved into the growing seed- 
ling. So the stored proteins are broken down byr enzymes 
into amino-acids, just as happens in our own alimentary 
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canal. The amino-acids are soluble in water. They move in 
solution into the seedling and then are built up into other 
proteins to make the new protoplasm. 


Growth. As a seedling 
elongates, certain parts of 
it grow fastest. This can be 
seen in a simple experiment 
(Exp. 10). If stripes of In- 
dian ink are made at equal 
distances apart on the root 
of a bean seedling, then as 
it grows the marks become 
farther and farther apart. 
Hut it is soon seen that the 
greatest separation of the 
stripes is immediately be- 
hind the ti}) of the root 
(Fig. 91). This is true both 
of root and stem. The grow- 
ing region is just behind the 
tip of each. 

Plants are made of cells, 
and so as a plant grows the 
cells must become more and 
more numerous. This is, 



of course, what is going on 
in the growing regions. The 

cells divide and divide Fi". Ol. GermimUinp, bean . I, root 

All the time new proto- | 
plasm is being formed and laterr 
the cells are dividing. But 

after a while they divide no more. Yet the growth of the 
cells has not stopped yet. 

Each cell continues to grow bigger up to a certain point. 
But now it grows, not by making more protoplasm, but by 
swelling itself up with water. 
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Water is taken into the cells by osmosis (p. 43). The 
water collects in a vacuole of cell sap (p. 95) in the middle 
of each cell (Fig. 92). At the same time the cell wall is 
enlarging. So yon see that not only protoplasm and the 
cellulose of cell walls, but water too is one of the building 
materials of plants. Tliis must be added to the uses of water 
to the plant given on p. 67. 



Fig. 92. Young cells at different stages of groxvth. A, very early stage; 
the c^U walls are thin and the protoplasm hlls the cell. B, the cell 
wall has thickened and vacuoles are appearing. C, older stage with 
large vacuole, protoplasm next to cell wall, and nucleus suspended 
in the middle, n. nucleus; u. vacuole. 

You can see this process of cell growth in the ydiotograph 
of a section cut through a young growing root tip (Fig. 93). 
Near the tip the cells are small and here they are filled with 
protoplasm. In this region the cells arc dividing. Farther 
away from the tip the cells are larger. Here they are 
growing. Their protoplasm is increasing in amount and they 
are forming vacuoles by absorbing water. This and the next 
region make up the part in which the ink marks separated 
most in Exp. 10 (Fig. 91). In the next region farther back 
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Fig. 98. Tip of growing root. Tliis photograph, taken under tlie 
microscope of a thin section cut through a growing root, shows the 
successive stages in the growth of cells, a, young dividing cells 
filled with protoplasm; b, cells growing in size by the formation of 
central vacuoles; c, fully grown cells witli large vacuoles. 


PLANT MOVEMENTS 

growth of the cells goes on by more water being taken in, 
while the cell walls enlarge. Following the section still 
farther from the tip you see that the cells no longer get 
any bigger. Their growth in size has stopped. 

Growth movements. When a seed germinates 
the plumule grows directly upwards and the radicle grows 
straight dowTxwards, no matter which way up the seed may 
be lying in the soil (Fig. 88). The radicle grows towards, and 
the plumule straight away from, the earth. If you take a 
seedling and iix it so that radicle and plumule are hori- 
zontal, then after a short time you will find that the tip 
of tlie young root has bent and is continuing its growth 
straight downwards (Exp. 11), while the plumule will have 
done just the opposite. Evidently the directions of growth 
of both root and stem are controlled by the direction of 
gravity. Roots grow downwards and stems upwards. This is 
true not only of the radicle and plumule, but also of roots 
and sterns later on than the seedling stage (Exp. 12). You 
often see this with cut flower stems of tulips or branches of 
lupins in a flovrer vase. They bend upwards. 

But the direction of growth of stems and roots depends 
on other inlluences besides gravity, so that in nature they 
do not grow vertically upwards and downwards. On a 
windy coast the trees are often all inclined in one direction. 
The prevalent wind is responsible, since it not only actually 
bends the tree when young, but growth is slower on the 
windward side where evaporation is greater. The buds do 
not grow out on that side. 

Gravity is one cause which directs growth of plants. 
Light is another. Stems bend towards light (Exp. 13). This 
is familiar to everyone from seeing potted plants placed in 
a window. The sunflower is so named because the flower 
head follows the course of the sun from morning until 
evening. The stem bends wdth the changing direction of the 
sun’s rays. And roots if they are exposed bend away from 
light. Many leaves place themselves across the sun’s rays. 
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The leaf stalks bend so that the leaf surfaces are perpendi- 
cular to the rays of light (Fig. 94). 

It is obvious that these mox cments are of use to the 
plants. The responses of seedlings to gravity and light cause 
the radicles to grow down into the soil where the root hairs 
will find water and salts. At the same time the plumule 
growing upwards against gravity brings the young leaves 




Pipr. 94, Privet branches. A, from top of hedge, seen from the side; 
B, from side of hedge, seen from above. The leaves in B are attached 
to the stem as in A but their leaf stalks have twisted to bring the 
leaves perpendicular to the direction of the sun’s rays. 

to the light and air. Stems bending towards the light help 
])Iiotosynthesis in the leaves. This is further aided by the 
heaves placing themselves across the light rays, so that each 
part of the leaf surface gets a maximum of light. Often 
branches and leaves become arranged so that as far as 
possible no leaf is shaded by another leaf. You can see this 
in any garden. 

The actual way in which these movements take place is 
by an unequal amount of growth on the opposite sides of 
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stem or root. If a root lies horizontally, for example, its tip 
bends down in the direetion of gravity by the upper part of 
the root growing more rapidly than tlie lower part. If you 
eompare the part of the root which bent in Exp. 11 with 
the position of most rapid growth in Exp. 10, you will see 
that they are the same. 

Not only gravity and light cause unccpial growth. Touch 
may have the same effect. A number of plants are climbers. 
Some of these attach tliemselves to sup])orts by tendrils. 
These are thin. stems which coil round the bran(‘hes of other 
f)lants (Fig. 05). Or they may be parts of leaves, as in tlu* 
sweet pea and vetch. Tendrils are sensitive to touch (Exp. 
14). When they touch an objeel. they bend round it. Often 
the free part of a tendril, between the support, to which it 
has attached itself and the plaht, grows and coils itself 
like a corkscrew. Since it is impossible to make one sf)iral 
after both ends an' fixed, the coil is reversed in the middle. 
These coils act as springs, so that the climbing plajit is not 
torn from its supports by wind. 

Wood. Stems and roots grow in length, but they also 
grow in width. Think how a tree trunk witleais ye'ar by year. 
Now, if you examine a se(;tion across a tree trunk it looks 
quite difh^rent from the section of a sunflower stem cut to 
show the vascular bundles (Fig. 25). This is be(;ause, in a 
tree, the vascular bundles are not se}>arate from one an- 
other, but they fill iq) the whole centre of the stem. Wood is 
nothing more or less than an immense vascular bundle. 

There are two reasons why a tree needs so miudi v^ascular 
bundle. The first is that an immense transpiration current 
must move u])wards all the time to supply the enormous 
number of leav(‘s with ^vater and nitrates. The second 
reason is that a tree depends for its support on the ceil walls 
of the wood cells. Smaller plants, as you know, are kept 
stiff by the turgor of their cells (]^. 08). But this is not suffi- 
cient to support tlie weight of a tree. It must hav<;^ a rigid 
skeleton of wood. 
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Annual rings. How does a tree trunk increase in 
width^i The growing and dividing cells which add to the 



Fig. 95, Climbing plant atiacfied by tendrils to another plant. 

The change in direction of spiral is seen at A. 

width are on the outside of the wood. They form part of the 
greenisli layer immediately under the bark (Exp. 15). The 
bark itself ( Fig. 96) is a dead deposit of cork. It prevents loss 
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of water. As the trunk increases in thickness the bark be- 
comes too small and splits, new layers of cork being formed 
beneath the old ones. In the oak and elm the bark cracks 
without falling off, but in the plane it come off in flakes. 



Fi^ 4 . 90. Section across a tree trunk. The annual rings have varying 
widths according to the amount of growth each year. On the outside 
is the bark. The base of a branch (a) can l>e seen on the right. 

As the cells underneath the bark divide, those on the 
inside are continually being changed into more and more 
wood cells "with thick and rigid cell walls. But this increase 
in the wood does not go on e(|ually all the year round. 
Growth slows down in winter, owing to the low temperature 
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(p. 186). In the spring it starts again, and large new wood 
cells are formed. As the season advances the new wood 
cells are smaller and smaller in size. In consequence of tliis 
a clear ring of wood is added each year. 

These are called annual rings and you (*an easily see them 
in a section of a tree trunk (Exp. 16). The photograph 
(Fig. 96) shows by the differing thickness of the rings tivat 
tlie amount of growth was different in the various years. 
You can see also liow a branch started to grow out in n 
certain year, and liow the base of the braneli has bec'ii en- 
(ilosed by the growth of the stem in succeeding years. 
Sections across the bases of such bran(*h(‘s are knots in 
wood. On the outside of the trunk in the photograph you 
can see the bark. 

It is quite easy by counting the rings to tell the age of a 
tree (Exj). 17). Some trees are immensely old. In the 
Natural History Museum in London tliere is a section 
through a huge trunk with all the im[)ortant events in 
history from the reign of the Emperor Justinian I in 
A.D. 5r)7 onwards marked on the corrcsj)onding annual 
rings. This tree grew in California. When it was felled in 
1892 its rings showed that it was 138.5 years old. 


PRACTICAL WORK 

Erp, 1. Soak broad l>ciins in water for a day or two and 
study their structure. 

Exp, 2. (!ut a bean cotyledon in two and test its surface for 
starch with a solution of iodine in potassium iodide. 

Bjxp, 3. Soak beans in water for tw^enty*four hours. Wash 
them in fresh water and plant them in moist sawdust or hog 
moss in a dower pot. Examine them to see stages in germina- 
tion, and growth curvatures of root and stem. 

Exp, 4. Cut open a castor-oil seed to see the reserve food and 
the embryo. Rub the split seed on paper to show its oily 
contents. 



PRACTICAL WORK 


Exp, 5. Study germinating castor-oil seeds. 

Exp, 6, Soften maize grains by soaking them in water and 
cut them in two to see the embryos. 

Exp, 7. Study germinating maize. 

Exp, 8. Take four tall beakers and put blotting paper and 
then cotton- w ool in the bottom of each. Put dry barley grains 
on the cotton-wool in beaker (i), and grains which have been 
soaked for twenty-four hours into beakers (ii), (iii) and (iv). Half 
fill the beaker (ii) with boiled and cooled water and cover the 
w ater surface with oil. Pour unboiled water into beakers (iii) and 
(iv) so that the cotton-wool is soaked but the seeds are not under 
the w'ater. Surround the lower ])art of beaker (hi) with a tin 
containing ice with flannel outside the tin. Cover the mouths of 
the beakers with perforated pieces of cardboard and see that all 
four beakers are lighted to the same extent. Add water to (iii) 
and (iv) daily so that the seeds never become dry. Compare the 
amount of growth of seedlings in the four beakers. In (i) the 
seeds have no water, in (ii) they have no oxygen. In (iii) and 
(iv) water and oxygen are present, but (iv) is at a higher tem- 
perature than (iii). 

Exp, 9, Make another experiment like No. 8 with seeds on 
wet cotton-wool in two beakers. Keep one beaker in light and 
the other in darkness. 

Exp, 10. Fix bean seedlings with straight roots by pins 
through the seeds to the under side of the cork of a wide- 
mouthed jar which is lined by wet blotting paper. With a 
stretched thread dipped in waterproof Indian ink make cross 
marks at equal distances apart on the root. After a day or tw'o 
look at the ink marks. 

Exp .11. Soak beans in water for twenty-four hours and plant 
them in moist sawdust. When the roots have growm to about 
i inch in length pin the seeds to the under side of a cork in a 
wide-mouthed bottle which is lined with blotting paper and has 
a little water in it. Notice how" the roots curve towards the 
earth. 

Exj), 12. Grow' a broad bean plant in a pot. When th^ stem is 
about five inches long put the pot on its side in the dark. After 
some hours the end of the stem will have curved upright. 
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GERMINATION AND GROWTH 

Eicp. 13. Sow cress or other seeds. When the young stems have 
grown out, put the pot near a window. The stems bend towards 
the light. 

Exp, 14. Lightly stroke the lower side of the tendril of 
bryony with a match once or twice. Within a minute or two it 
bends at the point touched. Examine various kinds of tendrils. 

Exp, 15, Strip off the bark from the branch of a tree to see 
the greenish layer between bark and wood. 

Eocp, 10. Examine a section of a tree trunk with a lens. 

Exp, 17. Find the age of a branch by counting its annual 
rings. 
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CHAPTER XIV 


BUDS AND BULBS 

Stkms. Flowering plants are made up, as you know, of 
roots, stems and leaves. The stem with the leaves on it is 
known as the shoot. The shoot may be long, or it may have 
a very short stem. The daisy and the dandelion are ex- 
amples of plants with very short stems. The result is that 
the leaves are all very close together. 

The larger flowering plants are either trees or shrubs. 
Trees have one main stem. Shrubs arc smaller than trees 
and they are branched down to their base. Both trees and 
shrubs have woody stems. Herbs are smaller plants with 
soft stems that are not woody. You will remember the 
different ways in which herbaceous and woody plants keep 
their stems rigid (pp. 68 and 193). 

Leaves. The leaves, which are of various shapes 
according to the plant, come off the stems in different 
fashions. Sometimes they are in pairs opposite one another. 
When this is the case each pair is usually at right angles to 
the pair above and below it. You can see this arrangement 
in the dead-nettle and in the upright branches of the privet 
(Fig. 94 and Exp. 1). This helps to prevent one leaf being 
shaded by another (p. 192). In most plants, however, the 
leaves come off the stem singly, not in pairs. This is the 
case, for example, in grasses (Fig. 102) and in the elm. 

Buds. If you cut a bud in two you will see a lot of 
small young leaves crowded together (Fig, 97). As the bud 
grows out into a branch these young leaves become 
separated from one another at the same time as they in- 
crease in size. Looking at the bud section again, you can 
see that the young leaves at its tip are the smallest. They 
arc the youngest. It follows that the leaves towards the 
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end of tlie shoot into wliieh the bud grows are younger than 
the leaves towards its base. 

There is a bud at the end of ea(‘h shoot, whether it be the 
main shoot of a plant or any of the branch shoots. This is a 
terminal bud. In addition, there is a small bud at the base 



Fig. 97. Axillary buds and leaf fall. This is a photograph of a section 
through a sycamore shoot. The Inids (a) arc in the axils of leaves. 
S(?alc leaves, young foliage leaves and vascular bundles can be seen 
in the buds. The old leaf bases each have a layer of cork (h) almost 
right across them preparatory to the leaves falling in autumn. 

of every leaf on the plant (Exp. 2). These buds are found 
between the bases of the leaf stalks and the stem. Each of 
these buds is placed in what is known as the axil of the leaf. 
They are therefore called axillary buds. Fig. 98 shows 
axillary buds and Fig. 97 is a section cut through two of 
them. 

All the buds on a plant, other than the terminal buds at 


TWIGS 


the ends of the shoots, are borne in the axils of the leaves. 
But only some of the axillary buds grow out into branch 
shoots. Very many of tliem never develop. 

Twigs. Twigs are small branches of trees. Quite a lot 
about the past history of a twig can be found out by 




Fig. 98. Leaves and a.riUnnf bwh. A, ash; H, oak. 
a, axillary buds. 

looking at it in winter when it has lost its leaves. As an 
example we can take a syeamore (Fig. 99 and Exp. 3) or a 
horse-ehestnut twig. 

On the thin bark (p. 194) are seen numerous spots, the 
leniicds. Bark, \ ou recollect, is waterproof, keeping the 
stem from drying up. But oxygen must get in for the re- 
spiration of the living cells in the stem. The oxygen gets in 
and carbon dioxide cronies out through these holes, the 
lentieels. 
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Pig. 99. Twigs of sycamore. A and B are ordinary twigs with mono- 
podial branching. B is a starved twig. C and 1) are tlowering twigs 
with sympodial branching, oa;, axillary bud; 1, lenticels; scars of 
bud scale leaves; «o, scars of ordinary leaves; «r, stem with remains 
of last year’s flowers; ss, scar of same; 1b, terminal bud. 
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BUDS IN WINTER AND SPRING 


At the tip of the twig is a terminal bud. It is surrounded by 
brown scales, which are really modified leaves. They are 
packed close together and arc waterproof. Their purpose is 
to protect the young green leaves inside the bud from in- 
jury and from drying up, for the tree does everything 
possible to prevent transpiration in winter (p. 70). 



Fig. 100. Opening buds of sycamore. The young green leaves are 
seen coining out from lictween the brown scale leaves. 


Different trees have buds of different sizes, shapes and 
colours. Thos(i of the horse-chestnut, for example, arc large, 
dark coloured and sticky. It is possible to recognize com- 
mon trees in winter not only by the general shape of the 
branches but also by the appearance of the buds (Exp. 4). 

If you now cut a terminal bud in two (Exp. 5) you will 
easily see how the scale leaves enclose the small and 
young green leaves. In the spring the end of the stem, in 
the middle of the bud, will lengthen and the green leaves 
will expand and grow (Fig. 100). Some of the terminal buds, 
when cut open, show the beginnings of a llower inside, 
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as well as leaves. It is quite clear now that leaves and 
flowers are already formed inside the buds by the time 
winter is over. The warmth of spring causes the buds to 
o})en and you (‘an readily understand how it is that the 
leaves and llowcus of trees appear so suddenly in spring, 
since everything is ready inside the buds. 

On the sycamore twig will be found several pairs of 
axillary buds (Fig, 99, ax). These were formed in the axils of 
the leaves, but as we are looking at a twig in winter the leaves 
liave of course fallen off. But the scars of the falJtn leaf 
stalks are plain enougli. They are seen to be in pairs oppo- 
site one another and at right angles to those above and 
below. On caeh sear are spots. Tliese are tlie broken ends 
of the vascular bundles whieJi entered tlje leaf stalk. 

Before a leaf falls in the autumn a layer of cork forms 
across the base of the leaf stalk. Fig. 97, b shows this cork 
layer almost complete. The cork closes the wound wJien the 
leaf drops off. 

Towards the bottom of the twig in Fig. 99, A two of the 
axillary buds, gf)positc one another, have started to grow 
out into side branches. 

Annuat. growth of twigs. Just above the 
pair of young side branches is a ring of scars going right 
round the stem (Fig. 99, A^sb). When the terminal bud opens 
in the spring, its protecting scale leaves fall off, leaving scars 
on the stem. This ring of sears round the twig was made by 
tlui scale leaves of last year’s terminal bud. Bet ween the 
time when tlicse scars were formed last spring and now, the 
twig has grown out to the present terminal bud. 

On twigs you can find a number of these rings of scars, 
and by counting them tlie a^e of the twig is found. Not only 
this, but the differcait lengths of twig Ixjtween the rings of 
scars give the amount of growth in each year. 

Suppose that an axillary bud on a sycamore twig has 
started to grow out. Normally its growth each year will be 
less in amount than the growth of the main twig. But 
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suppose now that the end of the 
main twig is cut off. There is there- 
fore no longer a terminal bud to 
continue the growth of the main 
shoot. The result is a greater rate 
of growth of the side branch. It 
grows out and takes the phu^e of 
the cut-off main branch. Fig. 101 
shows tliis in the ease of a beech 
twig. The scars of the bud scales 
on it show that the branch grew 
slowly for three years. Then the 
end of the main shoot was emt and 
th(‘ branch coinmcneed to grow 
rapidly. 

You know that very many of 
the axillary buds on a plant never 
develop. This is because there is 
not enough food for all of them. 
Some of tliein develop as side 
branches. The rest are reserve 
buds whi(^h can grow out to re- 
place a terminal bud that has 
been lost. Hose trees are pruned 
by the gardener. This means that 
terminal buds are cut off so that 
a number of axillary buds shall 
grow out and turn into short 
branches bearing flowers. 


Fig. 101. Twig of beech with sympodial 
zig-zag brandling. 1-5, portions formed 
in successive years. Kach portion is 
separated from the next by a ring of 
scars of bud scale leaves. In the fourth 
year the main branch was cut at ch, 
after which the side branch grew more 
rapidly. 
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Branching. Some buds develop into shoots with 
leaves, others into shoots bearing flowers. When a terminal 
bud of a sycamore turns into a short stem with flowers on 
it, it then stops growing. Later on the flowers fade and the 
short stem which bore them drops off. The following year 
the growth of that twig is continued by the next pair of 
axillary buds. This produces the forked twigs which you 
can find on the tree (Fig. 99, D and Exp. 7). In the middle of 
the fork is the scar of the flower stem. 

There are thus two ways of branching in the sycamore. 
There is (1) the branching of the flowering twigs just 
described. This is called sympodial branching. The terminal 
shoot stops and the next axillary buds continue the 
growth (Fig. 99, C, D). And there is (2) the branching of the 
ordinary twigs without flowers. Here the twig grows 
straight out year by year and the side branches are shorter 
than the main branerh. This is the monopodial type of 
branching (Fig. 99, A). 

The pine, like the sycamore, branches monopodially, but 
many trees are of the sympodial type, and so are numerous 
herbaceous plants (Exp. 8). In many plants, of course, the 
axillary buds are not in pairs opposite one another. Tlien, 
when the plant is one with sympodial branching, the 
terminal branch stops growing and the next axillary bud 
develops. This happens again and again so that the 
branches have a zig-zag appearance. The beech twig 
(Fig. 101 ) shows this clearly. 

Length of life. Trees live for years or even for 
centuries, growing all the time. But herbaceous plants have 
a shorter life. Some of them live for several years. These are 
called perennials. The daisy is an example. Others, the 
annuals, live only for part of a year, like the groundsel. 
They form seeds each year and then die. Next year the 
seeds grow into a new generation of plants. 

Now, you know that trees have to face hard conditions in 
winter. One of their difficulties is that they risk being 
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ANNUALS AND PERENNIALS 

unable to absorb enough water through their roots to replace 
the water transpired. They face the problem either by 
having evergreen leaves with thick cuticles, like the pine 
and holly, or by losing their leaves (p. 70). 

To get over the difficulties of winter annual herbaceous 
plants die off, leaving their thick-walled seeds to tide over 
the cold season. Many perennials adopt another method : 



Fig. 102. Rhizome of sedge, sciifiing up shoots at intervals. 
Scale leaves are seen on the rhizome. 


the shoots above ground die off in the autumn, while 
underground stems and roots live on until next spring.^ 
Then buds on the underground stems grow up into new 
shoots above ground. The horizontal underground stems 
are called rhizonies. You will find them, for example, in the 
iris, in Solomon’s seal and in certain sedges (Fig. 102 and 
Exp. 9). 

* All perennial herbs do not die down in the winter. Grass keeps 
its leaves. 
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That rhizomes are really steins, not roots, is clear since 
they bear leaves. These are not green leaves; in the dark 
they can develop no chlorophyll (p. 187), nor would they 
liavc any us(^ for it. They are merely scales. But there are, 
as usual, buds in the axils of these scale leaves. Often the 
terminal bud of a rhizome grows up above ground in tlie 
spring, while an axillary bud continues the underground 
stem (Fig. 103). This is a case of sympodial branching. 



lihizome of SoIornon''s seal, with sympodial brancliiii". 
1, scar of last year's upright shoot; 2, tliis year’s shoot; 55, terminal 
bud of next year's shoot, r, roots; s, scars of old scale leaves; 
sc, scale leaves. 

Food stores. Those perennials having shoots above 
ground which die down in the winter store food in their 
underground parts. It is mostly starch, with some protein. 
The food is prepared as usual in the leaves above ground, 
and then sent down in solution to the storage place. 
This storehouse may be the rhizome, for instance in the 
case of the iris and Solomon’s seal. Sometimes branches 
of the stem are very swollen with food. Then they are 
called tubers. Potatoes are such swollen stems (Fig, 104). 
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POTATOES, CARROTS AND ONIONS 

The “eyes” of potatoes are scale leaves with their axillary 
buds. Next season these grow out into new shoots (Exp. 10). 



Pig. 104. Young potato pt-ant, ct, cotyledons. Tubers be seen 
at tlie ends of branches with ‘’"eyes'’ on them. 

Instead of an underground stem it may be a swollen root 
that docs the storage. The carrot and turnip are cases in 
point (Exp. 11). Or again, haves may store the food, in 
which cases we get bulbs, like the onion. A tulip bulb cut in 
two is seen to be a short flat stem with a few fleshy leaves 
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surrounded by scaly protective leaves, and roots below 
(Fig. 105 and Exp. 12). In the centre is a terminal bud. 
This bud consists of a young shoot 
wdth foliage leaves^ and the be- 
ginnings of a flower. It will grow 
up in the spring. In the axils of 
the llesliy food-storing leaves there 
are other buds. In the spring, after 
the shoot from the terminal bud 
has grown up above ground, its 
green foliage leaves prepare more 
food. This food is sent down to 
one or more of the axillary buds in 
the bulb. The leaves in the axillary 
buds then sw'ell up and form more 
bulbs for the following winter. 

The reason for food 
STORES. When an embryo plant 
grows from a seed it needs the food 
stored in the seed until it can begin 
to feed itself. In the same way 
when the buds grow out from the 
underground parts of a perennial 
herb food is necessary to start the 
new shoot in life. 

Plants with bulbs are found es- 
pecially in countries like southern 
Europe and the C’ape, where there is a moist spring and 
a hot, dry summer. The plant starts each new season with 
a store of food for rapid growth and flowering. After 
flowering is over, the foliage leaves make food which is at 
once stored in the bulb to be used for next year’s growth, and 
then the foliage leaves die down as the summer advances. 



Fig. 105. Bulb, cut in two. 

axillary bud; r, roots; 
s, short stem; 8.e, scale 
leaves; t, terminal bud. 


^ Normal green leaves are called /ohage leaves to distinguish them 
from specialir^d leaves such as scales, cotyledons, food stores or 
flower parts. 
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REPRODUCTION WITHOUT SEEDS 


Vegetative reproduction. You know how the 
bracken fern spreads itself over wide areas of ground 
(p. 103). Flowering plants with rhizomes do the same thing. 
I'he older parts of the rhizome die off and each season fresh 
shoots grow up. It may even be much more often than 
once a season. Many grasses have rapidly growing rhizomes 
which send up new plants above ground at frequent inter- 
vals (Fig. 102). 



Fig. 106 . Strawberry plant showing runners giving rise to new plants. 

Other plants spread by horizontal sUms lying on the 
surface of the ground. These are seen in the strawberry 
plant and the creeping buttercup. They are called runners 
(Fig. 106 and Exp. 13). At intervals buds on the runners 
grow into new plants. They become independent of the 
parent when the runner dies off. 

When a branch of a potato plant has swollen up into a 
tuhery the tuber becomes detached from the plant as the 
latter dies down in the autumn. Next year one or more 
new potato plants grow out of the tuber. 

The new bulbs formed from axillary buds in the old onion 
or tulip bulb become detached from the old bulb as the 
latter shrivels when all its food has been used up by the 
plant above. Next season the new bulbs each start life as 
a new free plant. 


211 



BUDS AND BULBS 


All these ways of forming new plants from parts of the 
old are known as vegetative reproduction. This is really the 
produetion of a new individual plant, not from a single eell, 
the spore or the zygote, but from a bud on the plant body 
eomposed of many eells. You can compare this method of 
reproduction with the budding of Hydra, 

PRACTICAL WORK 

Exp, 1. Examine the arrangements of the leaves on the stem 
in a number of different plants. 

Exp, 2, Look for terminal and axillary buds. 

Exp. 3, Study a sycamore twig, look for lentieels, terminal 
bud, axillary buds, scars, etc. 

Exj). 4. Learn to recognize common trees in winter by 
branching, bark, and buds. 

Exp, 5. Cut in two a terminal leaf bud and a flower bud of 
the sycamore to see their structure. 

Exp. fl. Look closely at various twigs and determine their 
age. Compare the amount of growth in various years. 

Exp. 7. Study a sycamore twig which has flowered. 

Exp. 8. Examine a number of different plants and make out 
the type of branching in each. 

Exp. 9. Examine rhizomes. 

Exp. 10. Find how tubers grow on a fwtato plant. Cut a 
potato in two and test the cut surface with iodine for starch. 
Examine the “eyes”, and the buds in sprouting potatoes. 

Exp. 11. Examine carrots and turnips to see that they are 
swollen roots. 

Exp. 12. Slice a bulb in two and study its structure. Examine 
sprouting onions. 

Exp. 13. Look at a strawberry plant to see the runners. 
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THE ANIMAL KINGDOM 

L THK DIFFERENCES BETWEEN 
ANIMALS AND PLANTS 

If a person who is not a biologist is asked what are the 
differences l)eiwecn an animal and a plant he will probably 
say first of all that there is no resemblance. Then he may 
give a list of obvious differences. But when you look 
more closely into these distinctions most of them break 
down — you know of ex(!eptions to tliem. Most animals, for 
instan(!e, move about while plants are anchored to one spot. 
Most animals must move to find their food, whereas the 
food of plants is everywhere in soil and air. But think 
of Chid my (lorn onus and of a coral. Then, ])lants have 
chlorophyll and make starch with its aid, while animals 
have no chlorophyll. But fungi and bacteria luive none 
either. Plants take in tlieir food in solution, animals eat 
solids and consequently have a mouth and alimentary 
canal. Yet the sundew catches Hies, while the malaria 
parasite and the tapeworm feed on solutions in the bodies 
of the aninifils in which they live as parasites. 

The obvious distinctions between plant and animal seem 
to break down. Yet tliere are real differences. First of all 
the animal generally has a body with a definite size and 
shape. Not so the plant. ^ Parts of it may have a settled 
form, like the llower, but the whole plant branches in this 
direction and in tliat. This is true equally of a mould, a 
fern or a bush. Animals, then, are definite individuals, but 
it is difficult to say where an individual plant begins and 
ends when it is spreading by runners like a strawberry 
plant. 

* But Amoeba has a changing shape, while Chlamydomonas has a 
ftxed one. 
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It is quite true that most animals move about while only 
the lowest plants do so. As a result the higher animal at 
any rate has sense organs to know what it will meet, and a 
nervous system with a brain to command its movements. 

And there is another, perhaps the most important, 
difference. For the other distinctions depend on it. Plant 
cells have rigid cell walls , animal cells have none. What is 
the result of this? Plant cells absorb water by osmosis until 
they are turgid — blown out by osmotic pressure against the 
outer cover of the cell wall. Animal cells if they did this 
would burst, for they have no cell wall. So Amoeba and 
Paramecium, have contractile vacuoles. And the cells of the 
higher animals are bathed in blood and body fluids which 
contain the same amount of dissolved substances as their 
protoplasm. Blood and protoplasm therefore have the same 
osmotic pressure, so the cells neither swell nor shrink. Thus 
the lack of cell walls in the animals is dealt with. And it is 
worth while. For as a result the animal can move. If there 
were a hard wall round each cell, no muscles could exist. 
For in order to work, a muscle must change its shape. And 
the existence of muscles leads to the existence of nerves 
and a brain to control them. So really the cell wall or its 
absence accounts for some of the chief differences between 
animals and plants. 

II, CLASSIFICATION 

We divided plants roughly into lower and higher, less 
complex and more complex in structure. More exactly, we 
put them into groups: bacteria, the fungi (moulds and 
mushrooms), the algae {Chlamydomonas, Spirogyra and 
seaweeds), mosses, ferns, pines and flowering plants. Plants 
included in each group are more or less alike in structure. 

In the same way animals are classified into groups, some 
with a simple structure, some more complicated. The big 
groups of animals are called phyla. Thus the one-celled 
animals {Amoeba, Paramecium, etc.) belong to the phylum 
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Fig. 107. Living starfish. Some of the arms have been broken off 
and new arms, lighter in colour, are regenerating. (D. P. Wilson.) 
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Protozoa, Hydra and corals are in another phylum. The 
earthworm and its relations are in a third. ^ 

The starfish^ oftx‘n found in rock pools at low tide, is a 
member of yet another phylum. When one of tlie arms of a 
starfish is broken off it grows a new one (Fig. 107). Com- 
pare tJiis with regeneration in Hydra (p. 117). The sea-urchin 
(Fig. 108). also living in the sea on our coasts, belongs to 
tlie same phylum as the starfish. We have met the starfish 
already in conne(!tion with fertilization (Fig. 50) and the 
sea-urchin in relation to the cell division of a fertilized egg 
(Fig. 51). 

The frog and man are in the jihylum ol vertehrote animals. 
The insects do not form a ]>hylum by tliemselves. Tiiey are 
groui^cd togetlier witli certain other animals not very far 
away from them in structure. These are the sjiiders and the 
crustaceans. All three of these groups (or classes, as they 
are called), insects, senders and crustaceans, together make 
up the pliylum of arthropods. 

Every animal and plant is different from its neighbours. 
Even in a family, brothers and sisters are not alike. Yet 
there are groups of animals or plants in which all the mem- 
bers are more or less alike. These arc called species. You 
may rightly ask, how are we to limit sj>ecies? Do all kinds 
of horses belong to the same species, and docs the species 
include donkeys or not? The way the (question is decided is 
this: when members of a group of animals can breed with 
one another and have offspring that are fertile,^ then they 
form part of one and the same species. All races of horses 
breed together and have fertile offspring. But the mule, the 
result of a horse-ass cross, is sterile. Therefore horse and ass 
are put in different species. 

Each species has a scientific name, or rather tw o names. 
The ass, for example, is called Kquus asinus. The second 
name is that of the species, the first is the name of 
the ge7ivs to which the animal or plant Ixdongs. Species 

^ See Appendix III. 

2 Ferlik means that an animal or a plant can ifproduce its kind, 
sterile tliat it cannot do so. 
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which are near to one another in structure arc grouped 
together as genera. The name of tlie genus has a capital 
letter, that of the species a small letter. The names of genus 
and species are always printed in italics. Thus the common 



Fig. 108. Living sea-urchin. This animal measures 4 inches across. 
The numerous protective spines arc seen, and the suckers by means 
of which the animal moves. (D. F. Wilson.) 


frog is called Rana temjjoraria. Its species is teniporaria. It 
belongs to the genus liana. The genus includes several 
speeies, of which another is the edible continental frog, 
Rana esculenta. The common white dead-nettle is Larnium 
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album. The red dead-nettle is L, purpureum and the yellow 
archangel is L. galeobdolon. These are three species of the 
genus Lamium. This way of giving a double name to every 
species of animal and plant, the name of its genus and of its 
species, was started by Linnaeus in the eighteenth century. 
Species are grouped into genera, and these into families, 
classes and phyla. 

111. THE CRAYFISH 

Crabs, prawns, shrimps, lobsters and river craylishes 
are all crustaceans^ and they are nearly related to one 
another. The body of a crustacean such as the crayfish 
(Fig. 109) is covered by an armour made of chitin (Exp. 1). 
This armour is for protection and it is a skeleton. Muscles 
are attached to it in the same way as in an insect (Fig. 57 
and Exp. 2). In order to grow, the crayfish must shed its 
armour from time to time, since the chitin cannot expand. 
The shell splits along the back and the animal wriggles out. 
Its body is now soft for a day or two, and during that time 
it grows, hiding itself from enemies. 

The body is segmented and most of the segments bear a 
pair of jointed limbs. In front, the segments of the body 
are rigidly joined together. This region includes the head 
with the thorax behind it. It is covered on top by one piece 
of armour called the carapace. Behind the thorax, the seg- 
ments are separate and movable on one another, having 
thin armour between each. This region is called the 
abdomen. The crayfish walks forward slowly on its legs, but 
when frightened it darts backwards quickly. It does this 
by suddenly bending the abdomen downwards, using the 
tail fans as paddles. 

On each side of the body, above the walking legs, the 
carapace overhangs a space, something as a lean-to roof 
might do. This space contains the breathing organs ot gills. 
These are numerous finger-like outgrowths. Some are 
attached to the sides of the body, others to the innermost 

218 




219 


ml 



THE ANIMAL KINGDOM 

joints of the limbs. The blood circulates in these gills, and 
through their thin walls dissolved oxygen passes from the 
water into the blood, while the carbon dioxide diffuses out. 

On the head are a pair of eyes on movable stalks. These 
eyes are made on the same pattern as those of insects. The 
way they see will be described later on (Chap. xvii). On 
the head there are also two pairs of antennae. These are 
for feeling and smelling. 

The crayfish lias nineteen pairs of appendages. The first 
two pairs are the antennae. 1'hen come a jiair of jaws or 
mandibles^ two pairs of maxillae and three pairs foot-jaws. 
After these are the large claws and four pairs of walking 
legs, followed by six pairs of appendages on the abdomen. 

We will look into the structure of three of the appendages 
more closely. The mandibles (Fig. 110 and Exp. 8) on eitlier 
side of the mouth are seen to have strong biting edges. 
There is a small jointed feeler or palp attached. Crayfishes 
feed mainly on dead animals. Indeed, like crabs, shrimps 
and lobsters, they arc largely scavengers. The food is caught 
in the claws and torn up by foot- jaws, maxillae and man- 
dibles. 

The second maxilla^ of each side has an inner thin flat part 
to help in dealing with the food, and a ])late on its outer 
side projecting backwards and forwards. This jdate may be 
called the baler. It moves rapidly all the time and bales 
water out of the space in which the gills lie. In this way 
water streams in over the bases of the walking legs, passes 
over the gills and comes out forwards near the mouth. Thus 
the gills are continually supplied with fresh water con- 
taining dissolved oxygen (Exp. 4). 

Each member of the third pair of foot-jaws has a large 
jointed inner branch and a small outer feeler or palp. This 
feeler and those of the other foot- jaws are continually 
flicking and testing the water. On the bottom joint of this 
third foot- jaw is a gill. 

The first two of the four pairs of walking legs have small 
claws on them. The appendages of the abdomen have each 
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two branches. The eggs of the female are carried attached 
to them until the young hatch out. In prawns these appen- 
dage's are used for swimming. 

When an appendage is seized by an enemy the crayfish 
breaks it off. Later on a new appendage is grown which 



Fipf. no. Mouth parts of crayfish. A, mandihlc with palp and outtinjr 
ed"c. B. second maxilla; b. baler; i. inner flat part. C, third foot- 
jaw; ^ill; i. inner braiK^h; p. palp. 


becomes bigger at each moult. Compare regeneration in 
Hydra (p. 117), the starfish (p. 216) and the lizard’s tail 
(p. 119). 

A dissection (Exp. 5) shows the heart lying above the 
other organs (Fig. 111). The blood system is on a different 
plan from that either of an earthworm or of a vertebrate 
animal. The blood is not confined to blood vessels. The 
heart, it is true, pumps blood into arteries. You can see 
these going forwards and backwards from the heart. But 
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the blood leaves the arteries to flow through all the spaces 
between the organs, instead of going through capillaries. 
After passing through the gills it arrives back at the spaces 
around the heart. From there the blood is sucked into the 
heart through six openings with valves, and then pumped 
out into the arteries again. The blood has no haemoglobin 
in it. Instead it has a ftZw^-coloured protein containing 
copper. This serves the same purpose as haemoglobin. 

The most obvious things in the dissection are the power- 
ful muscles of the abdomen, the large liver^ the testes or 
ovaries according as it is a male or a female, and the so-called 
stomach. The latter is really a chamber in the front end of 
the alimentary canal in which the food is further chewed up 
after it has been swallowed. This stomach mill has movable 
teeth of chitin on its walls. From the mill the alimentary 
canal can be traced back to the anus on the last segment. 

If all the organs are removed from the dissection the 
nervous system is seen (Exp. 6). It is obviously built on the 
same plan as in the earthworm. 

Yon can see from the outside that the crayfish is 
segmented, and inside the body the nerve ganglia show 
segmentation. Compared with the earthworm, however, 
the segments are less like one another. The crustacean has 
a more complicated structure than the worm, and different 
segments are specialized for different jobs. 

IV. OTHER CRUSTACEANS 

Praw^ns and shrimps. These arc marine crus- 
taceans very like the crayfish in build. Like the frog 
they can change colour. When on a dark background they 
go dark in colour and when they move on to light- coloured 
stones or sand they become pale (Fig. 112). These colour 
changes may make them less visible to enemies. The colour 
changes are due to colour cells as in the frog (Fig. 21). 
Crayfishes change colour under the same circumstances as 
prawns and shrimps, but the change is less marked (Exp. 7). 
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Crabs. The erah is like a crayhsh or lobster in which 
the abdomen is very short and is tucked in under the 
thorax (Ex]). 8). The young of crabs have the abdonieii 
sticking out (Eig. 115, «), 



Fig. 112. Colour change of prawns. One hud l)cen on a dark-, the 
otiier on a light -coloured ground for half an hour. (K. M. Stephenson.) 

Freshwater shrimps. These crustaceans are not 
closely related to true shrimps. Fig. 113 shows what they 
look like. The segments of the thorax are separate, not 
joined together as in crayfishes, shrimps and ci*abs (Exp. 9). 
Similar animals, called sandhoppers, live on the sea sliore, 
using some of their appendages for jumping. 

D APHNiA, This so-called “water flea” is a small 
crustacean living in ponds (Fig. 114 and Exp. 10). The 
carapace is flattened from side to side and overhangs the 
limbs. Daphnia swims laboriously, using its second pair of 
antennae as oars. The legs are all the time moving, partly 
because they have gills on them, partly to kick food forward 
to the mouth. The food is microscopic plants. Under the 
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Fig. 114. Daphnia, E. eye;g. gullet leading from mouth to stomach; 
//. heart ; int. intestine leading to anus (a.) ; II, second antenna ; 1. legs ; 
o. ovary; y. young in space between body and carapace. 
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microscope you can easily see the heart beating through 
the transparent body, and blood corpuscles moving round 
the body. Females have a space over the back under the 
carapace in which the young grow to a certain size before 
starting to swim. Daphnia swim towards or away from a 
light according to circumstances (Exp. 11). Contrast the 
behaviour of fiy larvae (p. 140) which always c.rawl away 
from light. 

Cyclops. Tliis is another very common little crusta- 
cean in ponds (Exp. 12). It has only one eye, hence its 
name. Cyclops swims with its first antennae. Females are 
often found carrying two bags of eggs. 

Plankton. A relation of Cyclops called Calamis is 
prol)abJy the most abundant animal in the world, if we 
don’t count the protozoa. It lives in the surface waters of 
the sea. These waters contain a vast population of small 
animals and micros(‘opic plants to which the name of 
platikton is given (Fig. 115). Very many of the animals are 
crustacx'ans like CalanuSy others are the young or larvae of 
larger animals which when adult live on the bottom of 
the sea. Crabs, prawuis and lobsters have free-swimming 
larvae in the plankton. So do oysters, marine worms, sea- 
urchins, starfishes and many others. These animals when 
fully grown cannot move about much, but currents trans- 
port their larvae far and wide. Plankton may produce 
light, making the surface of the sea glow (cf. p, 4). 

Plankton is of immense importance as tlie food of fishes. 
The plankton animals feed on microscopic one-celled plants 
called diaiorns. Now, for these plants to grow sunlight is 
necessary. Consequently in winter very few of them are 
present in the surface waters of the sea. But when the 
spring comes and the sunshine is stronger they increase 
vastly in numbers. Using the dissolved carbon dioxide and 
nitrates in the water, they carry on their photosynthesis 
and feed. After these microscopic plants have multiplied in 
the plankton during the spring, the small animals of the 
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Fig. 115. Plankton. This photograph taken under tJic microscope 
of plankton from the English Channel shows crab larvae (a), Calanus 
(6), small jelly-iish (c), and other animals. (D, P. Wilson.) 






Fig. 116. Barnacles. The photograph shows living barnacles on the 
shell of a marine mussel. The appendages which form a food-catcliing 
net are seen. They make rhythmic sweeping movements, catching 
microscopic plants. 



Fig. 117. Larva of barnacle ^ magnified. It is just visible 
to the naked eye. 
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plankton begin to increase, feeding on them. This crop of 
crustaceans and larvae is the rich food of fishes. Thus you 
see how fish food depends in the end on the sun. 

Barnacles. The barnacle (Fig. 116) does not look in 
the least like a crustacean. It has not the shape of one and 
it is permanently stuck to the ground. Nevertheless it is a 
crustacean. This fact is betrayed by its larva, which is a 
member of the plankton. The larva (Fig. 117) is very like a 
young Cyclops, After a tinic it attaclies itself to a rock and 
grows into an animal which looks totally different. The 
change is greater even than that from caterpillar to butter- 
fly or tadpole to frog. All that reminds you of a crustacean 
in the adult is the legs, turned into food catchers. Long 
ago barnacles were believed to turn into geese, because 
their appendages look a little like feathers ! 

V. MOLLUSCS 

Another very important phylum is that of the molluscs. 
A number of familiar animals are in this phylum. The 
molluscs are divided into three classes. Examples of each 
of these three are the snail, the oyster and the octopus. 
These animals look unlike enough to one another, but if 
you had time to study their anatomy you would find that 
they are built on the same plan. 

The snail, like its near relation the whelk which lives in 
the sea, has a s})iral shell into which it can retire for pro- 
tection, Fig. 118 shows a snail creeping along (Exp. 13) on 
its flattened ‘‘foot”. At the head end are the mouth and 
two pairs of tentacles. The eyes are at the ends of the 
longer tentacles. On the right side is the opening into the 
lung. 

The mussel, and its relative the oyster, have a hinged shell 
made of two pieces and closed by two strong muscles 
(Figs. 116, 119). Oysters and mussels feed on mieroscopic 
plants and animals in the water. The organs for catching the 
food are called the gills because they also serve the purpose 
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of exchanging oxygen and carbon dioxide between water 
and the blood- Snails, mussels and the octopus all have the 
blue protein w^hich contains copper in their blood in place 



Fi^. 118. Snail. 1, mouth; 2, front tentacles; 3, tentacles 
with eyes; 4, entrance to lunj^; 5, foot. 



G 


Fig. 119. Freshwater mussel. The shell has been removetl. A 2 , 

muscles which close the shell; F, foot; G, gills; M, mouth. The 
arrows show the places where tlie water current containing fo(jd 
enters and leaves the space betwt^en the shells. 

of our haemoglobin. We met this already in the crayfish. 
For catching food the gills arc covered with (ulia (Fig. 19). 
The food is entangled in a sticky stuff (mucus) on the gills 
and the cilia move this to the moutli (Exp. 14). Pearls are 
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formed by these animals. You know the “ mother-of-pearl 
which lines the shells. If a small grain of sand accidentally 
gets into the living tissues, the latter lay down layer upon 
layer of mother-of-pearl around it. This makes a pearl. The 
valuable pearls are found in a kind of oyster living in 
warm seas. 



Fij?. 120. Octopus. A, at rest: B, swinuninjjf towards tlie left by 
squirting water out of tlie tube (/) in the direction of the arrow. The 
suckers on the arms, and one of the two eyes, can be seen. 

The octopus (Fig. 120) lives in the sea on our coasts. Its 
‘‘foot”, instead of being flat like that of a snail, is divided 
into eight arms. These arms have powerful suckers on them. 
The mouth is at the base of the arms. An octopus catches 
crabs with its suckers and the arms convey the prey to the 
mouth where it is chewed up by strong jaws. The gills are 
concealed in a cavity which ojicns by a tube. An octopus 
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can swim rapidly with arms trailing behind it by squirting 
water out of this tube. Otherwise it creeps along the 
bottom on its arms. The octopus changes colour with 
extraordinary rapidity. In a second it has changed from 
one colour to another. This may be watched in the 
aquarium at the London Zoo. 

VI. FISHES 

The phylum of vertebrate animals is divided into five 
classes, the fishes, amphibians, reptiles, birds, and mammals^ 



Fig. 121. Roach, h. fore and hind paired fin, corresponding 
to our arm and leg; g, gill cover; n, nostril; ,v. scales. 

Frogs and newts are amphibians. We need say no more 
of them. But wc must speak shortly of examples of the 
remaining classes, beginning with the fishes. 

As typical examples of fishes we may take the herring, 
the trout or the roach. These animals are clearly adapted 
for life in water. The body is stream-lined (Fig. 121 and 
Exp. 15). There is an internal air bladder for decreasing the 
specific gravity. There are fins for swimming. These include 
two pairs of side fins which are really the fore- and hind- 
limbs. 
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Gills. Fishes have frills instead of lungs, so that dis- 
solved oxygen ean be taken in from the water into the 
blood and earbon dioxide passed out in solution into the 
water. The gills are proteeted on each side of the body by a 
gill cover (Fig. 122)* Like the rest of the body this has 



Gul 

Fi^. 122. Moulh and gills of fish. A, jjill arch; G, pill; G,c, pill cover; 
Gulf gullet leading to stomach; M, mouth cavity; gill slit. 

scales on it. If a gill cover is lifted up the gills are seen, 
coloured red by the haemoglobin of the blood within them. 
The gills are outgrowths from narrow partitions between 
five slits. The partitions are called gill arches. gill slits 
between the arches open from the mouth cavity to the 
space under the gill cover. When a fish opens its mouth to 
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breathe, water enters the mouth. At the same time the 
flexible edges of the gill covers shut down so that no water 
comes in that way. Then the mouth cavity is narrowed and 
so water is driven througli the gill slits ovca* the gills. Here 
the gas exchange takes place. As the water is forced out, 
the gill cover edges open and at the same time a valve 
closes inside the mouth so that the water cannot return 
where it came from. 



Fig. 123. Blood system of a fish. The front end only of the fish is 
shown. 1, vein bringing blood from head and from body to heart; 
2, ventricle of heart; 3, artery taking blood forward to gills; 4, gill 
slit; 5, artery taking blood from gills to tins, alimentary canal and 
back part of body; 6, stomach; 7, liver. The directions of blood 
flow are shown by arrows. Capillaries are omitted. 

It is curious that a fish should suffocate out of water, 
since air contains more oxygen than that which is dissolved 
in water. The reason is that when out of water the separate 
gills stick together. Consequently their surface is greatly 
reduced and enough oxygen cannot get into the blood. 

Blood circulation. The blood flow to and from 
the gills is not the same as that through our lungs. You will 
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remember that our heart is a double pump. The right side 
of the heart sends blood from the body to the lungs. The 
blood comes back from the lungs to the left side and is then 
sent to tlie body. TJie fish’s heart is a single not a double 
pump (Fig. 123 and Exp. 10 ). It has a single auricle behind 
and a single ventricle in front. Blood from the body enters 
the heart and is pumped to the gills. The artery going for- 
ward from the ventricle of the heart divides, branches going 
upwards to each gill arch. There each branch artery splits 
up into capillaries in the gills. These capillaries join together 
again, leading into other arteries above the gills. These con- 
duct the blood upward into a big artery that supplies blood 
charged with oxygen to the whole body. 

Segmentation. All vertebrate animals are seg- 
mented. The fish, like the frog, shows this by its vertebrae, 
its nerves and its two pairs of limbs. In addition, the gill 
arches are clearly repeated in scries as segments and so are 
the arteries to the gills. Further, if the scales are removed 
from the outside it can be seen that the body muscles are 
arranged as V-shaped segments. 

Flat-fishes. Plaice, soles and turbot are peculiar 
fishes. If you look closely at one of them (Exp. 17 ) you will 
see that it is lying and swimming permanently on one side. 
The gill openings are one on the upper, one on the lower 
surface. The mouth is placed as it would be if the fish were 
swimming like other fishes, but the skull is twisted so that 
both eyes are on the upper side. Flat-fishes start life swim- 
ming as other fishes do, but later on as they grow they come 
to lie on one side while gradually the skull twists (Fig. 124 ). 
Then the upper side of the fish becomes coloured, the lower 
side white. 

Colour change. Some fishes change colour ac- 
cording to the background they are on (Exp. 18 ). Like 
frogs and prawns, the fishes have branched colour cells in 
the skin (Exp. 19 ). The colour change is due to these cells 
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Fi^. 124. Bevehpmcni of JIni-fish. Tlie yoiin^jcst stage, on lop, looks 
and swims like an ordinary tisli. Later on it swims on one side and 
the eyes twist round so that ]>oth are on top. (The drawings of the 
young stages arc magnitied compared with the later ones.) 
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(cf. pp. 53 and 223). Flat-fislics, such as the plaice, not only 
chan^^e colour but also pattern, matcliing the ground as 
far as possible. 

Breeding. When fishes spawn the female lays un- 
fertilized eggs and the male pours out sperm on to them. 
The breeding habits of many fishes are remarkable. Male 
trout make a sort of nest in gravel of the stream bed, scoop- 
ing out a hollow with their tail. A female lays eggs in this 
hollow, the male fertilizes tliem and tlien keeps guard over 
the eggs until the young hatch out, driving away all in- 
truders. Sticklebacks make a more elaborate nest. The male 
does this work, using we eds for building. Salmon live in the 
sea but come u[) riv(*rs to breed. The eel, however, is the 
most remarkable of all. E(*ls living in the streams of all 
countries of Europe go down to the sea to breed. But they 
do not breed on the coast : they migrate to the depths of the 
Atlantic near the West ]ndi(‘S. Having spawned there, they 
nev(‘r come back. The young cels return to the European 
rivers in the plankton of the ocean, taking three years to do 
the journey. 

VII. REPTILES 

This is a class of vertebrate animals which contains 
lizards (ineluding the chameleon, Eig. 8), snakes, crocodiles 
and tortoises. They have no larval stage lik(‘ the tadpoles of 
am])hibians. Tlie skin is covennl by horny scales in lizards 
and snak(*s, by an armour in crocodiles and tortoises, IMost 
rej)tilcs hatch out of hard-shelled (*ggs. Many snak(*s 
possess poison glands in the mouth. These are really salivary 
glands doing an unusual job. 

VIII. MAMMALS 

Man is a mammal and so are hors(^s and cattle, elephants, 
dogs and rabbits. The name' mammal is given to the class 
because the females produce milk to feed their young. The 
young develop up to a certain stage inside the body of the 
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mother, where they are supplied with food and oxygen 
from the mother’s blood. The most obvious (liffereiu?e be- 
tween mammals and the other classes of vertebrates is that 
they have hair on the body. 

The skin. Fig. 125 shows you a section through 
human skin. The outer part of the skin is made of dead and 



Pig. 12.5. Section through human skirt, d. is the dead layer of cells, 
with living cells (Z.) beneath it. h. is a hair, with two sel)Hceous glands 
(sb.g.). A sweat gland is seen at sw.g., with its duet {(fu.) leading to the 
surface. F. are groups of fat cells. Blood capillaries (black) and nerves 
(white) are also seen. Some of the nerves end beneath the layer /. 
among small grouf>s of cells which are stimulated by touch and by 
temperature changes. 

hardened cells. Below this are living cells. The inner living 
cells go on and on dividing and so new cells get pushed out 
towards the surface. As they near the surface they die. 
The outermost layers of dead cells are continually being 
rubbed off.^ Amphibians have skins made of living cells 

^ The popular idea that we have a number of skins is, of course, 
quite wrong. 
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right up to the surface. Consequently they can breathe 
through the skin, but they require to live in a moist 
atmosphere. Mammals and reptiles can live in dry air. This 
kills the outer cells, and the dead cells prevent water loss 
by evaporation from the body. 

Each hair is formed by (!ells at the bottom of a deep 
narrow pit in the skin. Small glands, called the sebaceous 
glands, open at the base of the hair. They secrete grease. 
There is a small muscle attached to the bottom of the hair 
pit. The contraction of these muscles raises the hairs of a 
cat, but our own hair can hardly “stand on end”. 

There are numerous sweat glands opening on the surface 
of the skin. A sweat gland secretes sweat from blood 
brought to it in capillaries. 

In the figure you will notice other capillaries in the deep 
layers of the skin. When these widen more blood comes to 
the skin. In the face this leads to blushing. When these 
blood vessels narrow the skin blanches. Finally, the end- 
ings of nerves reach the inner layers of the skin. Touch, 
temperature and pain stimuli are sent through these nerves 
to the brain. 

Milk gi.ands. Female mammals have specially large 
glands on ccTtain parts of the body. A number of these 
glands op(*n together to the surface at a nipple. They 
secret(‘ milk. Milk is white because it is an emulsion of 
fat (oil) globules in water. In addition, proteins, sugars, 
salts and vitamines are in solution in tlu' water. Thus all 
the necessary food substances for the young animal are 
contained in milk. 

Body temperature. Mammals and birds are 
popularly called “ warm-blooded ” and other animals “ cold- 
blooded”. These terms arc not accurate. The truth is that 
mammals and birds regulate their body tenij^erature so 
that in health it only varies about a degree above or below 
a constant value. In ourselves this is 37° C. Other animals 
have no siu^h control. Their temperature varies with that of 
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the outside world. A better description is to say that birds 
and mammals are constant, the remainder inconstant 
temperature animals. 

The advantages to an animal of a constant temperature are 
great. The various chemical processes going on continuously 
in the living body proceed, like all chenii(;al reactions, 
more rapidly at a high temperature, slower at a low 
temperature. And they depend on enzymes. Enzymes 
work best at a definite temperature (p. 7), whi<*h, in man, 
is near the temperature of the body. Consequently the 
(chemical reactions of life go on in mammals and birds at a 
rapid and constant rate wliicli is the same in cold and in 
hot weather. In animals like reptiles or frogs with no 
temperature control the processes of life go on slowly in 
winter, fast in summer. Witness the liveliness of a lizard in 
the heat of the sun and its sluggishness in the eold. But 
mammals and birds are lively in winter and they are able 
to populate the Arctic regions. 

How is this temperature control worked? Hcj.at energy is 
freed in the living cells, chiefly in the muscles (p. 13). 
The heat is distributed all over the body by the blood 
stream. If, now, a low outside temperature begins to cool 
down the body, more heat is liberated in the tissues. 
To supply this energy we eat more in wintc‘r. If the 
cooling of the body is excessive we shiver and so produce 
even more heat. At the same time heat loss from the skin 
is automatically lessened by the blood vessels to the skin 
becoming narrower. The hair of mammals helps to lessen 
heat loss, and so too does fat underneath the skin. A seal 
has the same body temperature as ourselves, but it can lie 
for hours on ice without melting it, owing to the fat be- 
neath its skin. 

Suppose, now, that the outside temperature rises 
too high. How is the body temperature kept down to 
its right value? This is done partly by the l>lood vessels 
in the skin Ix^coming wider. Then more heat is radiated 
from the blood. And also the sweat glands secrete. Sweat 

240 



TEMPERATURE CONTROL 


consists chiedy of water. Heat is absorbed in evaporation, 
and consequently as the sweat ev'aporates the body heat is 
diminished. Dogs have few sweat glands, but they lose heat 
by evaporation of water from the mouth. To aid this they 
pant in hot weather. 



12(i. Skeletons of horse and man. E, elbow; //, heel (hock of 
horse); A', knee; P, hip girdle; Sh, shoulder blade; T, tail; TF, wrist 
(‘"knee” of horse). 


Skeleton. The skelelon of all mammals is built upon 
the plan of the human skeleton which you have already 
studied. It differs, of course, according to the particular 
group of mammals to wdiich each animal belongs. The 
differences are connected with different modes of life. As 
an example we will take the horse. 

Fig. 126 shows the skeletons of horse and man together. 
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Apart from the upright backbone of man, the cliief dif- 
ferences are in the head and limbs. The horse’s skull is long, 
having front teeth for tearing up grass and a long row of 
back teeth for grinding it. The limbs are specialized for 
rapid movement over diy plains. They are long and the 
joints allow only a back and forward swinging movement. 
The powerful muscles moving the limbs are at their upper 
ends, so that the centre of gravity is high. 

If you look now at the limb skeleton of the horse you will 
see that humerus and femur are enclosed by the leg muscles 
within the body. The elbow is just below the breast and the 
knee is just below the abdomen. What a horseman callf^the 
“knee” of the foreleg is really the wrist, while the hock is 
the heel bone at the ankle joint. 

Instead of having five digits, the horse has a single digit 
in each limb (Fig. 147, C). This corresponds to our middle 
finger or toe. The hoof is an enormous nail on this digit. 
Below the wrist or ankle bones of ea(‘h limb comes the 
cannon bone. This is the middle metacarpal or metatarsal 
(p. 32). Below it are the bones of the middle finger and 
toe. And, finally, on each side of the cannon bone there is a 
narrow splint. These splint bones are the second and fourth 
metacarpals and metatarsals, here reduced to vestiges 
which do no work. 

Teeth. The teeth of mammals vary in number and 
shape with the work they have to do. All have the same 
structure: hard enamel overlying a boixy substan(*c called 
dfmiine, and a centre of living cells with blood capillaries 
and nerves. The teeth of mammals can be divided into 
several kinds according to their position in the jaws and 
their functions. The dog serv es as a good example. 

The dog has forty-two teeth which are of four different 
kinds (Fig. 127 and Exp. 20). On each side of the upj>er 
jaw there are three incisors in front. These are cutting 
teeth. Behind the three incisors is a canine or eye tooth. It 
is for killing prey, for grasping, and for attack and defence. 
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Then there follow four premolars with cutting edges and 
two molars for breaking up the food. The teeth of the lower 
jaw are similar except that there are three molars instead 
of two on each side. The first lower molar has a cutting edge 
working against the last upper premolar. 



Pig. 127. Teeth of dog. The roots of the teeth are seen in the jaws. 
c. canines ,* /. 2, second incisor ; m. 1 , first molars ; pm .\ , first premolars ; 
pw,4, fourtli premolars. 

A mammal has two sets of teeth during its lifetime. It is 
born with so-called milk teeth. TJicse are later on pushed 
out by the piumanent teeth. The permanent molars, how- 
ever, have no eorres[)onding milk teeth. 

In man, on each side of each jaw there arc two incisors, 
one canine which is very like the incisors, two premolars 
and three molars. 

The rabbit (Exp. 20) has two pairs of incisors in the 
upper jaw for tearing grass, the front pair being much the 
larger. In the lower jaw there is one pair. Unlike our 
teeth and those of the dog, the incisors of the rabbit 
continue to grow as they are worn down. Canines are 
absent and there is a long gap before the premolars (three 
pairs in upper, two pairs in lower jaw) and molars (three 
pairs of each in each jaw). These all have broad ridged tops 
for crushing and grinding. 
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Bkeatiitng. The body cavity of a mammal is 
divided into a front j)art and a back part. The dividing wall 
is a sheet of muscle called the diaphragm (Fig. 3). In front 
of the diaphragm are heart and lungs. Behind it are liver, 
stomach, intestines and other organs in the body cavity. 
The part of the body b(?twe(m neck and diaphragm is called 
the thorax. The part behind the diaphragm is the abdomen. 

The diaphragm and the ribs are concerned in breathing. 
Ribs are mcjvably attached to the s])ine at one end and to 
the breast bone at the other. Musel(^s connect tlu^ ribs to 
one another and to the vertebrae. Wlaai we breathe in, tlu‘se 
muscles raise tiie ribs. If you look at the ]>ieture of tlK‘ 
human skeleton (Fig. 12) you will see that when the front 
ends of the ribs and the breast bone are raised u]), the cavity 
of the thorax m\ist become bigger. For as eaeii rib moves 
upwards its jdaee is taken by a rib with a widcT arch. 

The dia})hragm is like a basin upside down. It is concave* 
towards tlie abdomen. As we breathe in. not only do the 
ribs move up but the muscles of the diaphragm contract. 
This lessens the concavity of the diaphragm. The result is 
again that the cavity of the thorax increases in si/e. The 
result of this increase in the size of the thorax is that air 
rushes into the lungs. 

The movement of breathing out is more passh^c. Ribs 
and diaphragm r<‘turn to their former })ositions and so air 
is expelled from the lungs. This is aided by the lungs them- 
selves wdiich are elastic. 

WllAliES. Porpoises, doljdiins and whales belong to 
a group of mammals which pass all their lives in the sea. 
Although they must come to the surface from time to time 
to breathe air, their bodily structure is as completely 
suited to water life as that of fishes. When a whale is coming 
up to take a fresh breath, it blows out air through its 
nostril before it reaches the surface. This results in spouting. 
A column of hot moist air rises and tlie moisture cjuickly 
condenses, forming the spout. Whales are hairless. A thick 
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layer of fat eallcd blubber ])rescrves the heat of tlie body. 
TJie larfjest wliale is 100 feet long. Whal(\s are the most 
bulky animals that hav^(‘ ever existed on the earth. 

The fore-limbs of whales have th(‘ form of fins, although 
their skeleton has humerus, radius and ulna as in other 
mammals (Fig. 128). But from the outside there is no sign 
of hind-limbs. Nevertheless traces of useless hind-limb 
skeleton exist inside the body. 



Fig. 128 . Skeleton and outline of a whalebone, ivhate. The wlialebonc 
lilter is seen occupying the space between tlie very long jaws. The 
bones of the fore-limb can clearly be ma<le out. The traces of useless 
hind-limb skeleton can also be seen. They are drawn enlarged 
below. 

There arc two groups of whales. The first have teeth, the 
second have mme. Instead, they have large numbers of 
fiat horny rods made of “whalebone” in the mouth. TJic 
rods with frayed edges make a strainer.^ Although of 
immense size themselves, these whales feed on the minute 
animals in the plankton. They obtain their food by taking 
in mouthfids of water and straining it out through the 
whalebone filter. 

Bats. Just as whales are specialized for swimming, so 
bats are mammals adapted to flying. The arm is a wing. 
The fingers are very long and a membrane of skin is 
stretched between the fingers and the side of the body 

^ Tills can be seen in the Natural History Museum in London. 
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Fig. 129. Wings, The bat’s wing is a skin membrane supported by 
arm, second to fifth fingers, and leg. The feathers of the bird’s wing 
are on the arm and enlarged second finger. The pterodactyl’s wing 
(p. 29.5) was a skin membrane supported by arm , fourth finger, and leg. 
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(Fig. 129). The thumb alone is not included in the wing 
membrane and ends in a hook-like nail. Bats have very- 
poor sight but the skin on the face is extremely sensitive to 
faint air currents. With the help of this sense bats can avoid 
obstacles even when Hying in darkness. 

IX. BIRDS 

The structure of birds is specialized in numerous ways to 
enable them to fly. 

Feathers, like the hairs of mammals, are produced 
(secreted) by cells in the skin, but they are muc^h more com- 
plicated than hairs. Each of the large feathers has a central 



Fig. 180. Pari of feather magnified. IVo pieces of barbs have been 
cut oiT the feather. The barbules with their hooks arc seen. This 
drawing was made by Robert Hooke in 166.5. 

quilL On either side of the quill there are barbs, each of 
which has numerous branches called barbules (Fig. 130). 
The barbules on the sides of the barbs towards the tip of 
the feather have hooks on them. These hook on to the 
barbules of the next barbs (Exp. 21 ). 
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The wing. This corrcsjioiids to our arm, having 
humerus^ radius, ulna, wrist and hand bones (Fig. 129). The 
hand has only three' lingers, the mdej' being the biggest. 
The largest (light leathers art* on the ulna, hand, and index 
finger (Exp. 22). The wing of the bat is quite differently 
constructed (Fig. 129). 

Energy suppi^y. Powerful muscles (the “breast”) 
are required for flight, and the breast bone has a keel for 
their attaehnu'nt. Much energy is expended in flight. Birds 
have a constant temperature several degrees higher than 
mammals, so that chemical processes in their bodies proceed 
more rapidl}^ giving more energy. For this, much oxygen 
is required, and the lungs are specially efficient, (ireat air 
sacs, opening into the lungs, lie between the various organs. 
When a bird breathes in, air rushes through the lungs into 
the air sacs, losing some oxygen into the blood capillaries 
of the lungs. On breathing out, air passes from the sacs 
through the lungs, again losing oxygem to the blood. Thus 
the efficiency of the lungs is doubled. 

Reproduction in lani) vertebratks. Birds 
lay (‘ggs, and so do reptiles. Those eggs which will hatch ha\"e 
alrt'ady been fertilized w^hen laid. This fertilization of the 
eggs inside the female occurs in all land animals (p. 131). 
Birds have only one opening for faeces, urine (p, 23) and 
<‘ggs or spermatozoa to leave tiic body (cf. the frog, p. 39). 
The spermatozoa are introduced into the hen by the openings 
of each sex being brought together. In the male mammal 
there is an organ called the penis, through which both 
spermatozoa and urine come out of tlic body. (In many 
mammals the testes (p. 89) are next to the penis in an exten- 
sion of tlie body cavity called the scrotum,) In the female 
mammal, there are separate openings for reproduction, urine, 
and faeces {anus). Spermatozoa arc conveyed by the penis 
of the male as far as the entrance of tlie womb, or uterus, in 
the female. After fertilization, the tiny egg of a mammal 
becomes attached to the uterus wall, through which the 
young is tlu n nourislied until birth (p. 255). 
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PRACTICAL WORK 

Exp, 1. Examine the external features of a crayfish, including 
the gill chamber* 

Exp. 2. Show how the muscles are attached in the limb of a 
lobster or crab. 

Escp, 3. Examine mandible, second maxilla and third foot- 
jaw. 

Exp, 4. Attach a crayfish on its back by rubber bands to a 
piece of wood weighted with lead, and put it under water. The 
movements of foot-jaws and baler can then easily be watched. 

Exp. 5. Demonstration of dissection to show heart and 
arteries. The stomach should be opened to show the gastric 
mill. 

Exp. 6. Demonstration of dissection of nervous system. 

Exp. 7. Put crayfishes in two glass -bottomed vessels con- 
taining water. Lay the vessels one on black paper, the other 
on white paper in a bright diffuse light for an hour. Then 
remove the vessel which was on a black background on to 
white paper and compare the colours of the animals in the 
two dishes. 

Exp. 8 . Examine a crab and lift up its abdomen. 

Exp, 9. Examine a freshwater shrimp with a lens. 

Esep. 10 . Examine Daphnia under the microscope in a oom- 
pressorium. Notice movements of antennae and limbs. Watch 
the heart beating. You can stop the heart and start it again. 
Daphnia is held in a compressorium and the water sucked out 
with blotting paper. More water charged with carbon dioxide by 
blowing through it is let in under the cover slip with a pipette. 
The heart stops in a few seconds. Then replace this water by 
ordinary water. The heart beats again. You can show that the 
rate of heart beat changes with temperature by immersing the 
compressorium in a flat glass dish containing warm or cold water 
on the stage of the microscope. Watch also the movements of 
eye and gut. Look for young in brood pouch. Daphnia can be 
stuck, on its back, to modelling clay to watch the limb move- 
ments. For culture of Daphnia sec p. 125. 
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Eocp, 11. Daphnia swim tow^ards light. Put the glass vessel 
containing the animals in darkness for an hour. When exposed 
to light they now swim away from it. 

Exp, 12. Examine Cyclops under the microscope. 

Exp, 1»3. Study a snail creeping up a glass surface. Waves can 
be seen passing forwards over the surface of the foot. Look for 
the mouth, eyes and Jung opening. It can be shown that the 
tentacles can smell by bringing a glass rod dipped in alcohol or 
xylol near to them. 

Exp. 14. Examine a mussel with one valve of the shell 
removed and the mantle cut away. Study the movem(‘nt of 
mucus caused by the cilia by dropping starch grains stained with 
iodine on to the surface of the gill. If mussels are put into water 
containing dilute Indian ink tlieir gills will have hltered off all 
the ink by next morning. 

Exp. 15. Examine the external features of a fish. Lift up the 
gill covers to sec the gills. Slit open the pharynx to see its con- 
nection witii the gills. 

Exp. 16. A dissection of a fish to show heart, gill arteries and 
swim bladder should be shown to the class. 

Exp. 17, Examine a flat-fish, noting shape of mouth, position 
of eyes and gills, coloration. 

Exp. 18. Put minnows or sticklebacks in glass-bottomed 
vessels such as accumulator jars for an hour on black and on 
white paper to see their colour changes. 

Exp. 19. Examine scales of herring or other fish under the 
microscope mounted in glycerine to see the colour cells. 

Exp. 20. Exjimine the skull of dog or rabbit to see teeth. 

Exp. 21. Study the structure of a feather under the micro- 
scope. 

Exp. 22. Examine a wing to see bones and attachment of 
feathers. 
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GROWTH AND DEATH 

Fertilization. The life of an individual animal starts 
by an e^^g uniting with a spermatozoon. This is the 
fertilization of the egg. Eggs, as you know, are produced 
by the ovaries. Each egg is a single cell, wliether it be as 
large as the egg of an ostrich or as small as that of a mam« 
mal. An egg of a mammal measures only 0*2 millimetre 
across, which means that it is about the size of a full stop. 
Spermatozoa are produced in the testes. Each spermato- 
zoon, too, is a single cell (Fig. M). 

When animals live in water, their unfertilized eggs and 
spermatozoa are frequently both sIutI into the water. There 
the spermatozoa swim to the eggs. This bap})ens with 
marine worms, with sea-urchins and starfishes, with oysters, 
with fishes and frogs, ('ompare also Hydra (p. 114). But 
in the <*ase of land animals, insects, reptiles, birds and mam- 
mals for instance, this would not work. So mah and female 
individuals unite in order that spermatozoa may reach the 
eggs inside the body of the female. 

Spermatozoa are always much more numerous than eggs. 
Fig. 50 ^shows spermatozoa surrounding an egg. One sper- 
matozoon is uniting with the egg. The nucleus of the 
spermatozoon then fuses with the nucleus of the egg. This 
is the act of fertilization. After this the fertilized egg 
divides into two cells. Each of these then divides again, 
and so successively 4, 8, 16, ... cells arc formed (Fig. 51). 
At first all the cells are alike. When the cells have become 
more numerous by these divisions, they become different 
from one another, and so the various tissues and organs of 
the young animal are formed. 

Fatherless offspring. It has been found 
possible in tlie laboratory to make some eggs divide and 
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grow into adult animals without the egg being fertilized by 
a spermatozoon at all. This is done by putting the eggs 
into certain chemical solutions. The egg of the sea-urchin 
(pp. 116 and 216) has been made to develop in this way. 
Frogs too have been raised from the egg without their 
having a father. 

This has been done by biologists in the laboratory, but 
in nature some few animals start life normally from eggs 
which are unfertilized. For example, Daphnia (p. 224) does 
this all through the summer. All the individuals you catch 
in a pond in the summer are females. Their eggs develop 
without fertilization. In the autumn only do males appear 
and their sperm then fertilizes the eggs of the females. 

Embryos and larvae. Some eggs are large and 
others small. The difference depends on the amount of yolk 
in the egg. The yolk is the food store for the developing 
young, or embryo. When an egg is small, having little yolk 
in it, the young animal usually hatches early and seeks its 
own food. We call the young larvae when they are different 
in structure from the adults. Many marine animals, such 
as worms, sea-urchins, crabs and oysters, hatch as larvae. 
You have seen that these larvae live in the plankton (p. 226). 
Many insects, too, such as flics, butterflies and bees, have 
larvae. If, on the other hand, the egg has a lot of yolk, like 
the bird’s egg, the embryo grows quite big before it hatches, 
and there is no larva. Mammals have very small eggs, but 
in this case the embryos grow inside the body of the 
mother. They are fed, not from yolk, but from the blood of 
the mother until they are bom. 

The tadpole. Frogs have eggs with some yolk in 
them but much less than in the hen’s egg. Frogs breed in 
the spring. They go into the water, where a male clasps a 
female, holding her it may be for some days until she lays 
eggs. As the eggs are laid he pours out his sperm. Fertiliza- 
tion of the eggs thus takes place in the water. 
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Fig. IJJL The tadpole, 1, tliree eggs: above, as they are when still 
in the body of the female; below, as they are in the water, each 
surrounded by jelly. 2, tadpoles before hatching out of the eggs. 

young tadpole with suckers, mouth, nose opening (n) and out- 
side gills. 4, older tadpole partly dissected. In 4 the heart., arteries 
leading to the gills as in a fish, and the gills arc seen. In the abdomen 
is the spiral intestine, n, nose opening; o, opening from gills; v, be- 
ginning of front legs. The lund legs are also seen. 
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The black eggs with their covering of jelly for prote(*tiou 
can be found in mavsses in jx)nds. One side of ihe egg is 
lighter in colour. This is the side containing most yolk. 
When the fertilized egg divides, the cells on the yolky 
side are bigger than the others (Exp. 1).^ Later on, the 
embryo can be seen developing from the egg inside the jelly 
(Exp. 2). 

Some days after the eggs arc laid the larva, or tadpole, 
hatches. It has three pairs of gills sticking out into the 
water, a tail for swimming, mouth, nose openings and anus 
(Fig. 131). After a time four gill clefts are formed, with gills 
on their walls as in a fish (comjiare Fig. 122), and the out- 
side gills wither. Then a fold of skin grows backward to 
cover the gill clefts so that there is only one opening on the 
left side for water to come out from the gills (Exp. 3). 

The beginnings of legs can next be swn growing at the 
base of the tail. The fore-limbs start under the gill cover. 
After about two months lungs are formed. A fortnight or 
so later the tadpole turns into a frog. Gill slits have become 
closed. The fore-limbs grow out and the tail shortens. The 
blood circulation of the tadpole is likethatof a fish (Fig. 123). 
When the tadpole turns into a frog with lungs, its blood 
circulation changes into that shown in Fig. 15. This change 
from larva to adult is perhaps not so great as in a butterfiy 
but it is sufficiently surprising. 

The chick. In the hen’s egg the “ yolk ” is really the 
huge egg cell with an immense amount of food yolk in it. 
The “white” contains a store of water which is gradually 
taken into the embryo as it develops. Owing to the large 
quantity of yolk the fertilized egg cannot divide com- 
pletely into 2, 4, 8, etc. cells like smaller eggs. Cell division 
takes place at one side only of the yolk and there the 
embryo is formed (Exp. 4). The growing chick gradually 
absorbs the yolk into its intestine. 

* Compare Fig. 51. There is very little yolk in the egg of the sea- 
urdiin and when it divides the cells are almost equal in size. 
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Mammals. In mammals the fertilized egg develops 
into tlic embryo inside the body of the mother. This occurs 
in an enlargement of the oviducts which is called the 
uterus or womb (Exp. 5). Tlie embryo is attached to the wall 
of the uterus. Here its blood vessels come very close to 
those of the mother. In this way food and oxygen diffuse 
1‘rom the mother’s bl<x)d into the blood of the embryo, 
while carbon dioxide and urea pass the other way. After 
birth a trace of this former connection remains as the 
navel. 

(Growth, old age and death. As an animal 
grows from a fertilized egg, its size at first increases more 
and more rapidly in each successiv^e hour or month. The 
rate of growth goes on increasing. Th<ai after a time 
growth slows down. The rate of growth bc(*om(!s less and 
linally growth slops. After this the adult animal lives for 
a certain tinu' without change of size, until finally it dies. 
What are the reasons for these changes in the rate of 
growth, for old age and death? 

Tissue culture. Of late years it has been found 
possible to take fragments of living tissue from the body of 
an animal and keep them alive. Not only do tlie cells 
remain alive outside the body but they divide. In other 
words, the fragments of living tissue grow. This method is 
called tissue culture. The way it is done is as follows. 

First blood is taken from an animal, for example a fowl. 
The plasma (p. 22) of this blood is separated from the 
corpuscles. Then an embryo chick or mouse is cut up into 
small pieces in a salt solution. The resulting liquid is called 
embryo extract. Next, a small fragment of living tissue, 
about a millimetre long, is taken from an animal just killed, 
usually an embryo. The fragment is placed on a cover-slip. 
On to it is put a drop of embryo extract and a drop of 
plasma. The liquid at once clots (p. 24). The cover-slip is 
then turned upside down ov^er a hollow-ground microscope 
slide and the edges of the cover-slip are sealed with 
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paraffin wax (Fig. 132). All this is done under very strictly 
aseptic conditions (p. 85), as in a surgical operation. Other- 
wise bacteria from the air or instruments would infect the 
culture and multiply in it. 

Very soon cells begin to wander out from the tissue 
fragment like so many amoebae (Fig. 133). This can be 
watched under the microscope. The cells that have 
migrated out from the tissue fragment soon begin to divide 
again and again. Thus the tissue grows, until after a couple 



Fig, 182. Tissue culture preparation. A, top view; B, side view, 
a, fragment of living tissue; 5, clotted drop of plasma and embryo 
extract; c, cover slip; d, microscope slide with a cavity in the middle; 
c, paraflin wax. 


of days the drop of clotted culture fluid is almost filled 
with cells. Then growth stops because the food substances 
in the blood plasma are used up, because excretions from 
the cells have accumulated, and because there is no room 
for more growth. Next, the experimenter opens the cul- 
ture, prepares another with fresh plasma and embryo 
extract, and transfers a fragment of the tissue from the 
first culture to it. If he does this regularly every second day 
the tissue will go on and on growing indefinitely. 

Under the conditions of tissue culture, the cells of frag- 
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ments of muscle, epithelium, connective tissue and so on 
move about like amoebae. In the body of the animal from 



Fifif. 138. Cells living outside the body, Photograf)h taken under the 
microsei)])e of ehiek cells in tissue culture. The cells are migrating 
towards the right, like amoebae, from a fragment of living tissue 
which is outside the picture on the left. Black spots can be seen in 
the nuclei. (F. G. Sf)ear.) 

which these cells were taken they do not normally migrate 
in this fashion. Almost the only occasion in which cells in 
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CELL DIVISION 

the body migrate is when they are spreading and dividing 
to repair a wound. 

All the details of cell division can be studied under the 
microscope in tissue cultures. Fig. 184 shows four stages of 
the division of one cell into two. The cell, which previously 
had pseudopodia like Amoeba, at first becomes round. Then 
the nucleus divides, and next the whole cell divides. In the 
later stages of division bubbles of protoplasm appear on 
the edges of the daughter cells (Fig. 134, 3). Finally the 
two daughter cells move* apart from one another like the 
daughter cells of a dividing Amoeba (Fig. 17). This is in 
tissue culture, but in the body of a growing animal the 
daughter cells would be closely packed together by the cells 
all around them and could not move apart. 

The first stage of growth. This new method 
of tissue culture has thrown a lot of light on the questions 
we asked about the growth of animals. In the first place, 
the cells in tissue culture go on and on dividing at regular 
intervals, once about every twelve hours. Cell division 
continues indefinitely at this regular rate unless the culture 
is allowed to become overcrowded. 

The division of cells at fixed time intervals takes place 
not only in tissue culture but also when a fertilized egg 
divides into 2, 4, 8, etc. cells (Fig. 51). Likewise it occurs 
in a culture of bacteria, of Amoeba or of Paramecium, We 
conclude, therefore, that a steady rate of division is a general 
property of (*clls. F rom this a consequence immediately fol- 
lows : namely, that the bulk of protoplasm must be doubled 
at regular intervals. For each time that protozoa or the 
cells in tissue culture have divided, they grow to their full size 

Fig. 184. Division of a cell in tissue culture. Four photographs 
from a cinematogriipli him taken through the microscope, showing 
a living connective tissue cell of the chick dividing into two cells. 
In 1 and 2 the nucleus is dividing, in 3 the whole cell is dividing 
and in 4 the two daughter cells are moving apart with the help of 
pointed pseudopodia. (R. G, Canti.) 
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before again dividing. As a i-esult the total mass of proto- 
plasm is doubled at each cell division. In other words, the 
rate of increase of bulk gets faster and faster. And this was 
just what we found in the first growth stage of an animal. 
The rate of growth in bulk increases steadily, up to a 
point. 

Why growth stops. What is the reason, then, that 
the growth rate of an animal slows down after a time? It is 
not because the tissues are older. For in tissue culture the 
cells go on indefinitely dividing steadily at the same rate. 
And more than this, not only cells from an embryo, but 
likewise cells from an adult animal which has stopped 
growing will divide and grow in tissue culture. They have 
not lost the power of division, although in the body of the 
adult animal from which they were taken they no longer 
divide and grow, except when repairing a wound. 

Now, for the cells to grow in tissue culture the presence 
of what we have called embryo extract is essential. There is 
thus some substance, as yet unknown chemically, con- 
tained in the tissues of embryos which is necessary for cells 
to grow. And as an animal grows, this substance gradually 
disappears from the body. When it is all gojie, cell division 
stops. 

In addition to this there arc surely other reasons for the 
slowing down and final stoppage of the growth of an animal. 
In order that tissue cultures shall go on, they have to be 
started afresh each second day. Otherwise growth ceases 
because food for the cells is exhausted and excretions 
accumulate. Moreover, the blood of adult animals contains 
something which actually slows or stops growth of cells. 
It does this, for instance, when injected with a syringe into 
the blood stream of a young growing animal. And blood 
plasma from old animals is not so good for tlie growth of 
cells in culture as that from young animals. 

Cell immortality. In a sense bacteria or Amoeba 
can be said to be “immortal”. If they are living in 
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the right conditions of temperature and food they will go 
on regularly dividing without stop. A eulture of Parame- 
ciurn has been kept going for thirteen years. It passed 
through 10,000 generations. The excess population was of 
course removed at intervals to prevent overcrowding. And 
at the end the division rate was just the same as at the 
beginning. Unless they meet with an accident, then, one- 
celled organisms are “immortal”. They do not age nor 
finally die. 

The cells of higher animals in tissue culture arc just the 
same. Connective tissue cells from a chick have been kept 
going in tissue culture for twenty-one years. All this long 
time the c^ells grew and divided at regular intervals, and 
up to the end of the experiment there was no slackening of 
growth rate. Yel twenty-one years is more than twice the 
length of life of a fowl. 

Moreover, there are some cells in our own bodies which 
may go on living for an indefinite time. All cells in our 
bodies are of course the direct descendants of cells wdiich 
existed millions of years back in our ancestry. Yet nearly 
all of them are doomed to die at our death. But not all of 
them. There are cells in testis or ovary wdich need not die. 
Spermatozoa or eggs may give rise to a long succession of 
future generations. 

Thus we come to the remarkable conclusion that under 
suitable conditions living cells are “immortal”. Yet all 
cells in the body, cxcej)t with luck one or two cells in the 
reproductive organs, will stop dividing as grow^th ceases, 
w^ill age and finally will die. Why is this so? It is the price 
paid for having a complicated body. The cells in the body 
die: separated from the body in tissue culture the cells 
need not die. The body is a mortal whole made of immortal 
parts. 
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PRACTICAL WORK 

Exp, 1 , Collect frog spawn 1‘roiii a pond. The first cells formed 
by division of the egg can be seen under a low power of the 
microscope if the egg is hghtcd from the side. 

Exp, 2. Watch the gradual development of the frog embryo 
until hatching. Keep the tadpoles until tlicy turn into frogs, 
studying the changes in striieture. AMth a pipette put Indian 
ink near the gill coyex opening of a large tadpole to see water 
pumped out. 

Exp, 3. The carbon dioxide output of tadpoles can be 
demonstrated as follows. Take a glass boiling tube with a bung 
bored with two holes into which are fitted glass tubes bent at 
right angles. One glass tube passes f-way down the boiling 
tube, the other ends just beneath the bung. Put water in the 
boiling tube to fill it ^-way up. Add several drops of phenol 
red (-4% solution). Place several tadpoles in the water. 
Carbon dioxide given off by the animals will change the in- 
dicator from red to yellow. If the water is too acid at first, 
suck air through it. Similarly when the animals have turned 
the indicator yellow it can be brought back to red and the 
experiment then continued.^ 

Exp, 4. Take a hen’s egg which has been two days under a 
broody hen and open it to see the developing embryo on one 
side of the yolk. Open another egg one or two days later to see 
a more advanced embryo with the heart beating. 

Exp, 5, A pregnant mouse should be dissected and shown to 
the class to see the embryos in the uterus. 

^ This method is equally suitable for other small aquatic animals. 
It can be made quantitative by setting up biiffcr standards plus the 
indicator in other bulling tubes and observing the pH cJiungc per 
unit time. 
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INSTINCT AND REASON 

An Amoeba reacts to changes in the world outside it. It 
reacts to changes in its environment or stimuli. If it is 
touched it witlidraws its pscudopodia and rounds itself up. 
If it meets food the Amoeba swallows it. So, too, more com- 
plicated animals than Amoeba react to stimuli from their 
environment. They will move towards food or flee from 
danger. But such reactions of higher animals are not so 
simple as in the case of Amoeba, For certain definite 
muscles of the body are set in action or certain glands 
secrete. 

It is obvious therefore that there must be a means of 
communication in the body. There must be communication 
from the place on the surface affected by the stimulus to the 
place at which muscles or glands work. Take the case of a 
man who “jumps” when a pistol is fired. There is com- 
munication from the car to the muscles concerned in 
“jumping”. And more than this. There is a central com- 
mand, deciding which particular muscles shall obey. 

The means of communication in the body are both 
nerves and chemical substances circulating in the blood. The 
central command is what is called the central nervous 
s^ystem. In vertebrates this is the brain and spinal cord. In 
insects, crustaceans and the earthworm it is the ganglia of 
the nerve cord. 

Nerves. Nerves, like all other living parts of the 
body, are made up of cells. Nerve cells, however, differ 
from other cells, such as blood corpuscles or cells of the 
epithelium lining the frog’s intestine, by being extremely 
long. Fig. 135 shows a nerve cell. The long thin part is 
called the n^rve fibre. It has a branched end. The part of 
the cell containing the nucleus is called the cell body. It also 
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Fig. 135. iVeiTf cell. 



Fig. 136. Reflex. Diagram of part 
of two neigliboiiriiig segments of 
a worm and their ganglia (g>) in 
the nerve cord ( w). .1, nerve cell 
in skin; By and J)y nerve cells 
in ganglia, communicating with 
muscles (w); C, association 
nerve cell. The directions of the 
nerve impulses arc shown by 
arrows. 
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has branches of protoplasm, coming out opposite the fibre. 
A nerve sucli as you have seen in dissection is made up of 
thousands of nerve fibres. 

Reflexes. Let us see what happens when an animal 
reacts to a change in its environment, or stimulus. Take the 
simple case of a worm which is touched and in consequence 
wriggles. There are nerve cells with their cell bodies in the 
worm’s skin (Fig. 130, A). When touched, such a cell sends 
a message, a nerve impulse^ along its fibre to the ganglion in 
the nerve cord. H('re the end branches of the nerve fibre 
are in contact with branches of another nerve cell, B. The 
nerve impulse passes into the second nerve cell and along 
its fibre to a muscle, which then contracts. Actually a 
number of nerve cells in the skin would be touched, and 
impulses would be sent inwards along a lot of nerve fibres 
in a nerve, not along a single one. The movement of the 
worm which results from the touch stimulus is called a 
reflex. 

But when a worm is touched it is not a single muscle that 
contracts but a number of muscles in several segments of 
the worm. How is the nerve impulse communicated to 
these other muscles? The end branches of the incoming 
nerve cell A are not only in contact with branches of the 
outgoing cell B. They are in communication also with other 
nerve cells such as C, This cell C has fibres running up and 
down the nerve cord. It is called an association nerve cell, 
and it distributes the nerve impulse to yet other nerve cells, 
such as 2), in the ganglia of neighbouring segments. These 
outgoing nerve cells D send on the impulse to muscles of 
their own segments. 

The nerve impulse. Wc do not actually know 
what is the nature of the nerve impulse. It is not an 
electric current, but as it passes along a nerve fibre it is 
accompanied by a change of electrical potential. This 
change is very small indeed but in researches made quite 
lately it has been amplified by an amplifier such as is used 
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in wireless. This has shown that wlien a nerve impulse 
passes along a nerve fibre there is not a single change of 
jDotential but a very rapid succession of changes. The 
frequency of these may be 30 per second. The nerve im- 
pulse, then, is not to be compared with a stream of water 
but with a volley of maciiine gun bullets. The rate at which 
this rliythmic impulse passes along a nerve varies in 
different animals. In an arm nerve of man the velocity is 
70 metres per second, or 160 miles an hour. 

Hormones. Communication between one part of the 
body and another is not always by nerves. In some cases 
it is done by chemical substances circulating in the blood. 
These are called hormones, or interned secretions, because 
they are secreted by glands into the blood. They do not 
pass outwards to the alimentary canal (digestive enzymes) 
nor on to the surface of the body (sweat) but go into the 
blood stream. We already met one example of a hormone 
which signals to the to secrete trypsin when 

required (jd. 23). Milk glands secrete milk at the right 
time in response to a hormone coming to them from the 
ovary. 

Prawns or crayfishes, when they move from dark on to 
light-coloured rock or sand, themselves go pale (Fig. 112). 
This is due to a change in branched colour cells, just as in 
the frog (Fig. 21) and the fish (p. 235). The signal to the 
colour cells is given by hormones in the blood. Light 
reflected from the light-coloured ground affects the 
crustacean’s eye. As a result a gland in the eye stalk 
secretes the hormone into the blood which conveys it to all 
the colour cells. In response to this signal the pigment 
granules become grouped together in the centre of each 
colour cell and the animal looks light-coloured. In the 
same way the colour cells of frogs make the animals go dark 
or light in response to hormones in the blood. 

Hormones are also concerned in growth. There is a gland 
called the thyroid situated beneath the gullet in verte- 
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brates. Its secretion is necessary for the change from tad- 
pole to frog to take place. If the thyroid is removed from 
a tadpole by an operation, the animal grows bigger than 
normal but never changes into a frog. On the other hand, 
when tadpoles are fed with thyroid gland they change into 
frogs sooner than usual. Too little thyroid hormone in 
human beings causes deformed and imbecile children. But 
this can be cured by giving them thyroid in pills. 

Control of reflexes. The reactions of higher 
animals to changes in the environment are reflexes, just as 
in the case of the earthworm. Usually the message is sent 
through nerves, as when a worm is touched, but sometimes, 
as we have seen, hormones are used. 

In man there are numerous familiar reflexes. We will 
take two examples: (1) when food is smelt saliva is 
secreted in the mouth; (2) when a hot object is touched the 
hand is quickly drawn back. Now, the chief point about a 
reflex is that it is automatic. A certain stimulus results in 
a definite movement or secretion. But our second example 
brings out a new point. With an effort of will you can pre- 
vent yourself snatching away your hand when you touch 
a hot plate. You can stop the reflex from taking place. 

The explanation is as follows. The nerve path of the 
reflex of snatching back your hand from a hot plate is 
from the skin inwards to the spinal cord, up to the hind 
part of the brain, down the spinal cord again and out along 
nerves to the muscles which move the hand. But associa- 
tion nerve cells also carry the nerve impulse from the hind 
part of the brain to the front part (cerebral hemispheres). 
The latter can then send a counter order down to the hind 
part of the brain. This counter order forbids the hind part 
of the brain to send out its command for the hand muscles 
to contract and snatch away the hand from the hot plate. 

It is thus clear that reflexes can be controlled by the 
brain. If there were no such control there would be reflex 
movements all the time in response to every change of light, 
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sound, touch or smell in the environment. Orderly be- 
haviour of an animal would be impossible. But the brain is 
there to stop, or inhibit^ rellexes which arc not useful. It 
selecits those that are needed. Most of the selection is done 
unconsciously, but sometimes it is conscious, as in the case 
of the hot plate. 

The brain. We know now that when a worm 
wriggles on being touched, the incoming nerve impulse 
passes over to the outgoing nerve cells in a ganglion of the 
nerve cord. In vertebrates the nerve cell bodies through 
which reflex nerve im})ulses pass are grouped together in 
delinite places in the central nervous system. Tliese are 
called reflex centres. Each reflex has a definite centre in the 
central nerv^ous system. 

Take what is called the knee jerk. If you sit with one 
leg crossed loosely over the other and tap just below the 
knee cap, your foot will jerk up. The nerve path of this reflex 
is inwards to the lower part, of the spinal cord and then out 
again to the leg muscles. The centre for the knee jerk is 
towards the hind end of the spinal cord. 

Many reflexes have their centres in the back part of the 
brain, the medulla (Fig. 14). Here, for instance, is situated 
the reflex centre for the secretion of saliva. Here also is 
the centre for controlling the width of arteries. You will 
remember (p. 24) that in this way more blood is sent to 
those parts of the lx)dy most requiring it. The stimulus for 
this reflex, by the way, comes not from the outside en- 
vironment but from inside the body. Digested food going 
into the intestine wall acts as a stimulus for the widening 
of the arteries leading to the intestine. 

The various reflex centres in spinal cord or medulla are 
connected by association nerve cells with parts of the brain 
further forward. These front regions are in command. They 
select which reflexes will be allowed to act and which not. 
You saw how the hot plate reflex can thus be inhibited. To 
take another example: if a dog’s side is tickled it lifts 
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the hind paw of that side and 
scratches. Supposing, while the 
dog is scratcliing, the other side 
of the body is tickled. Then the 
scratch reflex does not take place 
on that side. If it did, the dog 
would not have three legs to 
stand on. The front part of the 
brain inhibits the second reflex. 

The foremost part of the brain, 
or cerebral hemispheres, is im- 
mensely more bulky in man than 
in the frog (Fig. 14). It is com- 
posed of millions of nerve cells 
(Fig. 137) connected together in 
complicated ways. The various 
parts of the hemispheres are 
nerve centres with different 
functions. Body movements and 
speech are controlled from here. 
Here is the scat of sensation and 
of consciousness. 

Eyes. Stimuli from outside 
affect special cells at the surface 
of the body. Pressure (touch) 
and temperature changes influ- 
ence cells in the skin (Fig. 125). 
Chemical stimuli affect cells in 
the nose (smell) or mouth (taste) 
of vertebrates, in the antennae 
of arthropods and in the skin of 
worms. Sound is received by a 
complicated sense organ in the 
ear. Light may influence cells in 
the skin, as in the earthworm 
(p. 120). But in many animals 



Pig. 137. Nerve cells in the 
human brain. 
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eyes exist whicJi not only give information as to the differ- 
ence between light and darkness but form pictures of the 
outside world wliich are transmitted by ner\^es to the 
central nervous system. 

The eyes of vertebrate animals act on the principle of a 
camera. There is a lens wdiich forms an image on the back 
of the eye (Fig. 138). The image falls on the retina. Around 
the eyeball there is black pigment for the same reason that a 
camera has a black lining. 

The retina consists of immense numbers of nerve cells. 
Each has a chemical substance in it which is changed by 
light. The change is temporary, not permanent as in a 
photographic paper. Each passing image on the retina 
causes chemical changes in the nerve cells, varying in 
amount with the quantity of light falling on each cell. The 
chemical changes are stimuli to other nerve cells in the 
retina, which as a result send nerve impulses to the brain. 

Focussing. A camera is focussed by moving the lens 
in and out. The frog's eye does the same. There is a lens, 
which is moved forwards or backwards to focus near or far 
objects. But in mammals focussing is done in another way. 
The lens can be made to change its shape. It can bulge or 
flatten. In some persons the lens cannot change in shape 
enough for efficient focussing. Then glasses are worn to 
supplement the eye lens. 

When a camera is used in bright light, a diaphragm is 
made smaller to let in less light and to make the image 
sharper. The vertebrate eye, too, has such a diaphragm, 
called the iris. By an unconscious reflex it closes down in 
bright light and widens in dim. The iris is the coloured part 
of the eye. The pupil is its aperture. 

Vision avith two eyes. Eyes are movable by 
muscles so that they can be brought to bear on definite 
objects. Each of our two eyes sees an object from a dif- 
ferent angle. Thus we have an impression of solidity. This 
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is aided by perspective: distant parts of an object form 
smaller images on the retina than near parts. 




Fig. 138. Eye of a vertehrate atiimal, A. structure of eye; c. front 
surface of eye; i, iris; L, lens; PE, black pigment; ON, nerve to 
brain; H, retina. B, formation of image on retina. 

Different mammals have their eyes set at different angles, 
some with such wide angles that they cannot bring both eyes 
to bear on the same object. But then the animal has a wider 
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field of vision. Generally speaking, hunters have a small 
angle, hunted animals a wide angle of vision. For example, 
the axes of different eyes arc set as follows; lion, 10°; dog, 
40°; deer, 100°; giraffe, 140°; hare, 170°. So, too, among the 
birds owls have eyes in front. 

The eyes of birds, reptiles and fishes can be moved inde- 
pendently of one another. This gives a very weird effect in 
the chameleon (Fig. 8). 

Compound eyes. Arthropods, whether crustaceans 
or insects, have eyes constructed on quite another plan 
from vertebrates. Imagine a bundle of hollow straws 
or tubes, arranged in the form of a cone. Then, if you fix 
this bundle in a hole in the wall of a dark room, and put a 
piece of ground glass against the inner ends of the tubes 
(the ends which are closer together), you will see a reduced 
image of the scene outside. This is how the so-called com- 
pound eye of the arthropod works. 

Fig. 139 shows a diagram of a section through such an 
eye. Each tube is isolated from its neighbours by black 
pigment. At the inner end of the tubes is the retina. There 
is, of course, an upright, not a reversed image (as in our- 
selves), thrown on this retina. The outer ends of the tubes 
are the facets you saw in the eye of the cockroach or crayfish. 

Instinct. In the lower animals movements are nearly 
all due to reflexes, A certain stimulus results in a certain 
definite movement. If an earthworm is touched, or if a 
strong light falls on it, it always wriggles. 

Sometimes the reflex movements cause the animals to 
move directly towards the stimulus or away from it. Thus 
moths lly towards a light, while fly larvae move straight 
away (p. 140). This is because, when the animal gets more 
light on one side of its body than the other, it turns by a 
refiex until both sides are illuminated equally. Then it 
moves straight towards or away from the light. 

Often a stimulus from the outside world does not result 
in just a single reflex. The first reflex movement may act as 
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a stimulus for a second reflex and so on. Watch an earth- 
worm crawling forwards. The muscles of the succeeding 



Fig. 139. Compound eye. Diagram of a section through the eye of a 
crnstticean or insect. The only rays of light reflected from the arrow 
wliich can enter the eye are those that go straight down the tubes. 
Thus an image of the arrow is formed on the retina, r. The nerve 
from the eye is seen at n, 

segments contract in turn. The shortening of one segment 
pulls at the muscles of the next. This is a stimulus for them 
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to contract. There is a chain of reflexes, each acting as a 
stimulus to the next. The first stimulus was from the out- 
side world, the following stimuli are from inside the body. 

Or take a mosquito sucking blood. It settles on your 
ankle and the smell of the skin is a stimulus received by the 
insect’s antennae causing the reflex pushing of the mouth 
parts into the skin. This movement is then a stimulus to 
the salivary glands to squirt out the stinging liquid. In 
turn this is a stimulus to the pump which draws in blood. 

Su(‘h chains of reflexes may be very complex. Think of the 
life of the worker bee (p. 151). You hav e read how it alters 
its habits periodically during its life. Each of its actions is 
a chain of reflexes. When one job is done the bee has be- 
come older and the chemical constitution of its blood has 
changed. This now acts as a fresh stimulus for the next 
duty in the hive to be performed. These comj^licated series 
of reflexes, each one following automatically on the other, 
arc called instincts. 

Instincts are purposeful. At first sight it looks as if the 
bee knew why it performed its various duties in the hive. 
So, too, with numerous complicated instincts of other 
insects. But this cannot be so. One example out of many 
will make this clear. There is a certain so-called mason wasp. 
The female of this insect prepares a hole in the ground. 
Having done this she goes in search of a caterpillar and 
stings it in a particular way so that the caterpillar does not 
die but is paralysed. The wasp drags the caterpillar back 
into the hole and lays an egg on it. Then she closes the hole 
with prey and egg inside. Later on the wasp larva hatches 
out and devours the paralysed caterpillar. But the wasp 
never sees this, nor has she ever seen another wasp pre- 
paring a caterpillar and laying an egg. She never has any 
opportunity of seeing the purpose of her complicated 
instinctive action. 

Instincts are automatic reflexes. Each individual bee or 
wasp behaves in the same way. The instincts are inborn 
just as much as bodily structure is inherited. And it is not 
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only insects that have instincts. The stickleback, for in- 
stance, is a fish of which the male builds a nest of pond 
weeds and guards the eggs. Birds have mating and nesting 
instincts. In the mammals one of the most complicated 
instincts is that of beavers. These animals build dams to 
make pools of water, in which they store parts of trees 
with the bark on them for food. They fell the trees and 
cut them up. And they construct canals so that water flows 
down to the pool and so conveys the logs. There are in- 
numerable other examples of instincts. 

The essence of an instinct is that each individual animal 
of a species does the same thing. Yet instincts are not quite 
unchangeable. They can be modified during the lifetime of 
an animal. There are two ways in which animals behave 
otherwise than by pure instinct: (1) animals have memory 
and can learn, and (2) some animals can reason. 

Fokmation of habits. Even animals as low in 
the scale as earthworms form habits. A worm was put, 
head end first, into one branch of a Y-shaped tube. It 
crawled forwards and at the ibrk had to go to right or to 
left. In the right-hand branch wires were arranged so that 
the worm got an electric shock if it took that path. Five 
such experiments were made daily. At first the worm went 
as often to right as to left. But after 150 trials it had learnt 
to go to the left, making only 10 per cent, of errors. More 
complex animals than worms have much greater powers of 
learning and of forming habits. 

Conditioned reflexes. Instincts, as you know, 
are more or less complicated chain reflexes. Both in- 
stincts and simpler reflexes can be modified by the forma- 
tion of habits. Take the case of the secretion of saliva. 
When a dog smells or sees food, its mouth waters and its 
tail wags. The stimulus for this reflex is the smell or sight 
of food. The secretion of saliva is a reflex response. Suppose 
now that food is offered to a dog and at the sam$ time a beU 
is rung or a light flashed on. After this has been repeated 
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a few times the bell or the light alone (that is without the 
food) causes the saliva to be secreted. Instead of the 
original food stimulus, a new’' stimulus, the bell or the light, 
now calls forth the reliex. This is known as a conditioned 
reflex. 

If ever you breakfast in the open in summer, and you 
have honey with your meal, bees may come to your table. 
Then you can make an experiment, if you have a small 
square of red paper, two squares of blue, and a little 
patience. Put a drop of honey on one blue square on the 
table, and cover up the pot of honey. Bees soon lind the 
honey, take some away, and retui’n for more. After a while, 
remove the paper with honey, and put on the table the red 
paper and the other blue paper, without honey. The bees 
come at once to the blue paper, but ignore the red. A condi- 
tioned reflex, or rather chain of reflexes, has been formed, 
blue being the new stimulus. The bees have learnt that blue 
means food. They liave formed the habit of coming to blue. 

The colour sense of bees. Incidentally this is 
the way to find out wdiich colours bees can distinguish. 
For example, they do not mistake a yellow card for a blue 
one. Nor do they confuse either yellow or blue with any 
shade of grey. It turns out that they rejcognize colours, 
but, compared with us there are two important differences. 
Bees cannot tell red from black. To them red is not a 
colour. This must be the reason why few flowers are pure 
red. Red flowers have yellow or blue mixed with the red. 
And bees can see a certain colour which is invisible to us : 
they can see the ultra-violet as a colour. 

Inhibition. You have heard how important inhibi- 
tion is in controlling reflexes. The brain stops unnecessary 
reflex movements. The same thing happens in learning. 
Suppose that a conditioned reflex is fomed in a dog as 
already described. A certain musical note is sounded when 
food is offered to the dog. After a number of repetitions, 
the dog secretes saliva at the sound of the note alone, with- 
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out any food appearing. But at first this secretion occurs 
not only at the sound of the particular note which accom- 
panied the food, but for any note. Then the experiment is 
repeated again a number of times, the particular note being 
sounded each time the food is offered. After this, when 
notes are sounded without food, the dog no longer responds 
to any note, but only to the right one, or to notes very near 
to it. After a third trial, only the definite note which 
actually went with the food causes mouth-watering. This 
means that the first-formed conditioned reflexes to the 
wrong notes have been inhibited by the brain. In other 
words, the dog has learnt that a particular note means 
food. This is how we ourselves learn. We gradually become 
more and more accurate. The brain inhibits faults. 

Forgetting. You see now how worms, bees or dogs 
learn to do particular things. This is no different from the 
training of circus animals. By rewards or punishments they 
are taught to do tricks. All through its life an animal is 
itself acquiring such habits. We ourselves are all the time 
forming conditioned reflexes without knowing that we are 
doing it. Take just one example. An infant by accident 
touches a hot object, say an iron for ironing clothes. By a 
reflex it snatches back its hand. Next time on merely seeing 
the iron the child draws back its hand. 

But habits are not quite permanent. They can be for- 
gotten. A dog, for example, which has formed the con- 
ditioned reflex of mouth-watering when a bell is rung, 
loses this response after a time if food never accompanies 
the bell. It is easy to imagine how necessary this losing of 
habits is in the life of an animal. A fox may form a series of 
conditioned reflexes taking him somewhere where chickens 
are to be had. But if after a time no more chickens are 
there, he would waste his time if the old habit continued. 

Instinctive lives. We call insects and mammals 
“higher animals”. All, in their own way, are complicated 
in bodily structure and complex in behaviour. But the 
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lives of insects are very largely directed by pure instincts 
while mammals can greatly modify their instincts. They 
are more individual. It is true that bees can learn, as we 
have seen, but in a liive all the workers behave almost 
exactly in the same way as one another. The complicated 
series of actions they perform are all inborn chain reflexes. 
A bee isolated alone in a comb does just the same things as 
her sisters in the hive and just as well, although she has 
never been educated. There is no central government in the 
hive. The inhabitants all do the right thing at the right 
time through inborn instincts. But mammals learn as they 
grow older. Their instincts are modified and added to by 
numerous conditioned reflexes. And more than this. In 
some few mammals reason, too, comes into play. 

Reason. By reasoning we mean an understanding be- 
forehand of what will happen if certain things are done. 

A chimpanzee has been given the following problem. A 
banana was hung by a string from the ceiling. There were 
three packing cases in the room. The chimpanzee wanted 
the banana. How was it to get at it? After looking at the 
banana, the chimpanzee took the cases and piled them up 
one on top of the other. Then it climbed up and got the 
banana. Evidently the ape foresaw the result of its actions. 
Monkeys, too, can do this (Fig. 140). 

Similar problems have been tried on dogs to try whether 
they can size up a simple situation, come to a conclusion, 
and act on it. The problem must of course be suited to what 
a dog can do. For instance, meat is placed within sight and 
smell, behind a wire fence which has a gap in it. The gap is a 
little way along, but in sight of the dog. Very seldom will 
the animal grasp the fact that it can get the meat by making 
straight for the gap. Nearly always it runs up and down 
and perhaps by chance finds the gap. Then it may form a 
conditioned chain of reflexes and next time go straight for 
the gap. Beware of concluding that because your dog can 
do clever things it can reason. You must be sure that it has 
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Fig. 140. Reasoning power of a tnonkey. The monkey piled up the 
boxes and got a banana hung on a string. It had never faced tliis 
problem before. (Bierens de Haan.) 
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not had previous chance experience. The problem must be 
quite new to be a test. 

Many of the actions of man, though by no means all, are 
the result of reasoning. Apes and monkeys can solve simple 
problems. But other mammals can reason very little, and 
the power of reasoning seems to be rare in the rest of the 
animal kingdom. 

Intelligence. I have not used the word intelligent 
at all. This is because intelligence is used in different senses 
by different people. If a dog is called intelligent, it may 
mean that its master tliinks it can reason. On the other 
hand, an intelligent dog may be one which quickly learns 
to form habits. A dog shows signs of joy when its master 
puts on his overcoat because this is a stimulus which has 
already formed a conditioned series of reflexes. The first 
time, putting on the coat resulted in a walk and consequent 
pleasure. Now the coat alone is a suflicient stimulus for 
tail-wagging. 

Consciousness. Are animals conscious of their 
actions as we are? Have they a consciousness of present 
events and a conscious memory of past happenings? We 
cannot know. Nor can I be certain that my neighbour is 
conscious. But I assume that he is so, be(;ause his actions 
are similar to mine and his brain has the same structure. 
So, too, it is logical to conclude that in so far as other 
animals have a brain like ours they have some conscious- 
ness. But what can we say of an insect whose central 
nerv^ous system is made on a totally different plan? 
Nothing. 

We have a consciousness of present events and a con- 
scious memory of past events. But we cannot know whether 
other animals have conscious memory. We may say that 
the dog remembers that a bell means a meal and so wags 
his tail and secretes saliva. It may or may not be true that 
he has a conscious memory of this. All we can know for 
certain is that a conditioned reflex has been formed. So, 
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too, we could say that the bee remembered that a blue 
colour meant sugar and that the worm remembered that 
the right-hand turn led to an electric shock. But this way 
of putting it gets us no farther forward. 

If insects have a consciousness, however, many of their 
impressions must be inconeeivable to us. What sort of 
colour is the ultra-violet light that a bee sees? We cannot 
imagine. Again, for us sight and touch are among the most 
important senses. Our brains combine the impressions 
received from each. We see an object and know that it 
is hard. We touch something and know that it will look 
round. But in insects smell and touch are the most 
important senses. Are an insect’s ganglia conscious of 
round and square scents, hard and vsoft smells? 

CoNCi.usiON. It appears, then, that the actions of 
most animals are of the nature of inborn reflexes. These 
reflexes may be complicated chains, the result of one being 
a stimulus for the next. And they may be purposeful, in 
which case we speak of instincts. But inborn reflexes can 
be modified, sometimes more and sometimes less, by the 
formation of conditioned reflexes during the lifetime of 
individuals. In other words, animals learn and acquire 
habits. And a very few kinds of animals, particularly man, 
can reason and act accordingly. 
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FOSSILS 

Life has existed on the earth for an immensely lonjr time. 
The remains of animals and plants have been found which 
lived not thousands but millions of years ago. These 
remains are found in the rocks. ^ They are called fossils. 
Most fossils are the hard parts of animals, the shells, 
skeletons and teeth. The Frontispiece is a photograph of 
a fossil skeleton as it was found in a rock. 

Extinct animals. Most, but not all, of the nu« 
merous different kinds of animals whose remains are found 
in the rocks are no longer to be found alive on the earth. 
They are now extinct. The fossil bones of these extinct 
animals tell us that most of them were different from any 
animals living to-day. 

Some animals are of course becoming extinct now, and 
in the course of the last few centuries animals once wild in 
England have disappeared. In the time of Henry VIII there 
were wolves in this country. To-day there are none. Up to 
about the same time beavers were found in England. Now 
they have vanished, although wolves and beavers are still 
found wild in other parts of Europe. 

But there were animals existing at the time wlien pre- 
historic man lived which are now quite extinct. A large 
kind of elephant called the mammoth was formerly very 
common all over northern Asia .and Eurojie. It had long 
coarse hair and huge curved-up tusks. Although mammoths 
and prehistoric men lived side by side, mammoths long ago 
died out. Yet complete carcasses of mammoths, with skin, 
hair, trunk, muscles and bones, have been found frozen in 
Siberia. Most fossils, however, are the remains of animals 
and plants wdiich died out long before the mammoth. 

^ The science of rocks is known as geology. 
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Fig. 141. Fossil tree trunks and roots. These trees lived in a Coal 
forest about 800 million years ago. The photograph was taken in 
(Glasgow. 


FOSSILS 


The origin of fossils. How has it come about 
that the remains of extinct animals are found as fossils 
embedded in rocks? 

Rivers, flowing to the sea, carry with them immense 
quantities of mud in suspension. The Amazon, for instance, 
which is 70 miles wide at its mouth, discharges 1870 tons 
of solid matter per minute. At the mouths of the rivers 
this sediment is deposited on the sea bottom. The bigger 
particles of sand fall first. The finest mud is carried farther 
out to sea by currents before finally it falls on the sea bed. 

When marine animals die, their carcasses fall to the 
bottom of the sea. If they are not chewed up by other sea 
creatures, the dead bodies will slowly be covered up by the 
falling mud. The same fate will happen to the carcasses of 
any land animals which have floated down with the rivers 
to the sea. In the mud the soft parts of the dead animals 
soon putrefy. They are destroyed by bacteria. But the 
hard skeletons remain. 

As layer upon layer of sediment is laid down, the mud or 
sand beneath is slowly turned into hard rock by the pres- 
sure of the layers above. The mud becomes clay, the sand is 
turned to sandstone. And slowly the bones or shells buried 
in the sediment are changed to fossils. The actual calcium 
carbonate of shells and calcium phosphate of bones, for 
example, is replaced by crystalline calcium carbonate. 

It is not only animal remains which can become fossils. 
Plants may also be preserved. Coal is formed from the 
remains of forests. Tree trunks are found in the rocks 
which have layers of coal in them (Fig. 141). Fossil leaves, 
too, are found in the rocks which were once mud in the 
swamps where the coal plants grew (Fig. 142). Sometimes 
even clear traces of the soft parts of animals are preserved 
in rocks (Fig. 148). The dead animal may have lain on soft 
mud and the impression which it left have been quickly 
covered up by more mud brought by a current. 

Far out on the ocean floor deposits are also formed. 
There is no sediment from rivers in the clear water there. 
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Fig. 142. Fossil plant. The photograph shows tlie fix>nd 
of a fern which lived in a Coal forest. 
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But the surface waters of the ocean contain vast quantities 
of plaJikton (p. 226). As the plankton animals die, there is 
a continual rain of their small skeletons falling on the 
ocean floor. Crustaceans, like Calanm, and larvae of 
oysters, etc., are too fragile to make fossils, but there 
are protozoa with beautiful shells of calcium carbonate 
(Fig. 144) in the plankton. These slowly accumulate on the 
ocean bottom, in the end becoming rocks made up almost 



Pi^. 148. Photograph of fosml jelly-fish (p. 112). The impression of 
the soft animal remains in this Secondary Era rock which was once 
mud. 

wholly of these tiny fossils. Chalk is such a rock. Some 
kinds of chalk are largely composed of such minute fossil 
shells. 

Karth MOVEMENTS. You sce now how rocks are 
formed from sediment and how fossils may be included in 
these clays, sandstones, or chalk. But how is it that the 
rocks with their fossils are now found above the sea, even 
on mountain tops? 

The reason is that the crust of the earth is not stationary. 
It moves up and down in different places. True, these move- 
ments are very slow indeed, so slow that they generally 
pass unnoticed. Yet there is clear evidence that such move- 
ments do take place. On the east coast of England there 

286 



‘ig. 144. Shells of protozoa living in the plankton. These arc magnitied 
drawings of tlie shells, which were just visible to the naked eye, 
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are ruined buildings now under the sea. At many places on 
our coasts there are pebble sea beaches now well above the 
reach of the waves. At Pozzuoli near Naples there is a 
ruined Roman temple. The lower parts of the columns are 



Fi^. 145. Photograph of strata. This is a cliff in Pembrokesliire. The 
strata were originally horizontal layers of mud deposited under the 
sea. They were later on hardened to rock, and then raised up and 
bent by earth movements. 

riddled with small holes. These were made by marine 
molluscs. Their shells are still in the holes. This proves that 
after Roman times the temple sunk below sea level. Now 
once more the land has risen, so that the temple ruins are 
again above the sea. 

The temple at Pozzuoli has moved down and up again 
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during the Christian era. But these two thousand years are 
nothing at all in comparison with the millions of years that 
life has existed on the earth. All this time slow movements 
of the earth’s crust have gone on. Layers, or strata, of rocks 
laid down from sediment under the sea have been slowly 
raised up above the sea level. Thus mountain ranges are 
formed.^ Sometimes the movement is more violent. Then 
earthquakes result. In the raising and folding process the 
strata, originally horizontal, often become bent and curved 
(Fig. 145). 

Pa ST AGES. It is clear now that when a number of 
layers (strata) of rock are exposed in a cliff or quarry the 
upper layers of these stratified rocks are younger than the 
lower layers. For the sediment was gradually laid down in 
the sea, one layer on top of the other. By comparing one 
cliff with another it has been possible to construct a com- 
plete section or diagram of all the strata on the earth’s 
surface. Fig. 146 shows such a section. Tlie top strata are 
the youngest, the bottom ones the oldest. Obviously the 
thickness of each kind of rock is roughly a measure of the 
time it took to be laid down in the sea. Actually we know 
that the Chalk was formed some 100,000,000 years ago. 
Coal dates 300,000,000 years back, and the lowest strata 
containing fossils (the Cambrian) are 600,000,000 years 
old.2 

^ After the rocks have thus been raised up into hills and mountains 
they are slowly worn away by rain. Carbonic acid in the rain water 
helps this process, and the expansion of water when it freezes in the 
cracks of rocks aids in breaking them up. The resulting soil is washed 
down by streams and rivers to the sea, where the sediment is deposited 
to form fresh strata. 

* These dates are found from the composition of radioactive 
minerals. Uranium slowly changes to lead. The rate of this change is 
known. Uranium ores from intrusive igneous rocks high up in the 
series of strata eonUiin less lead than those from strata lower down. 
The proportion of lead gives the age of the rock. For details see The 
Age of the Earth, by A. Holmes, Berm's Sixpenny Library. 
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during the Christian era. But these two thousand years are 
nothing at all in comparison with the millions of years that 
life has existed on the earth. All this time slow movements 
of the earth’s crust have gone on. Layers, or strata^ of rocks 
laid down from sediment under the sea have been slowly 
raised up above the sea level. Thus mountain ranges are 
formed.^ Sometimes the movement is more violent. Then 
earthquakes result. In the raising and folding process the 
strata, originally horizontal, often become bent and curved 
(Fig. 145). 

Past agks. It is clear now that when a number of 
layers (strata) of rock arc exposed in a cliff or quarry the 
upper layers of these stratified rocks are younger than the 
lower layers. For the sediment was gradually laid down in 
the sea, one layer on top of the other. By comparing one 
cliff with another it has been possible to construct a com- 
plete section or diagram of all the strata on the earth’s 
surface. Fig. 146 shows such a section. The top strata are 
the youngest, the bottom ones the oldest. Obviously the 
thickness of each kind of rock is roughly a measure of the 
time it took to be laid down in the sea. Actually we know 
that the Chalk was formed some 100,000,000 years ago. 
Coal dates 300,000,000 years back, and the lowest strata 
containing fossils (the Cambrian) are 600,000,000 years 
old.2 

^ After the rocks have thus been raised up into hills and mountains 
they are slowly worn away by rain. Carbonic acid in the rain water 
helps this process, and the expansion of water when it freezes in the 
cracks of rocks aids in breaking them up. The resulting soil is washed 
down by streams and rivers to the sea, where the sediment is deposited 
to form fresh strata. 

* These dates are found from the composition of radioactive^ 
minerals. Uranium slowly changes to lead. The rate of this change is 
known. Uranium ores from intrusive igneous rocks high up in the 
series of strata contain less lead than those from strata lower down. 
The proportion of lead gives the age of the rock. For details see I'hc 
Age of the Earthy by A. Holmes, Benn’s Sixpenny Library. 
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skeleton of the fore foot of a horse which existed a little 
later than the earliest five-toed horse. You can see that its 


three middle toes touched the 
ground, but that the first and 
fifth did not do so. Fig. 147, B 
shows a horse which lived in 
the middle of the Tertiary 
Era. It walked on its middle 
toe only, but the second and 
fourth wei’e still big. The first 
has disappeared, however, 
and the fiftli is a mere splint 
bone. Fig. 147, C gives the 
foot of a later fossil horse, 
which was almost the same as 
the modern horse. 

The oldest horses of this 
series were no bigger than 
greyhounds. As we ascend the 
Tertiary strata each succes- 
sive kind of horse gets bigger 
in size at the same time as 
its limbs are more and more 
specialized for rapid motion. 

Not only can such a series 
of extinct horses be traced 
back into past time. Other 
animals, elephants and the 
camel for instance, have the 
same sort of past histories. 
As we go down in the strata 
of rocks, elephants become 
gradually less and less like 




Fig. 147. Fore feel of fossil horses, 
A, the oldest, existed at the be- 
ginning of the Tertiary Era. B is 
younger, and C,the youngest , lived 
just before the Ice Age. a, wrist 
bones knee”) ; fe, tliird metacar- 
pal (cannon bone) ; c, second and 
fourth metacarpals( splint bones) ; 
d, finger bones; e, nail (lioof). 


the modern elephant. At the same time they have less 
and less of the specialized structures, such as trunk, tusks 
and crushing teeth. The further back we go in time the less 
do fossil elephants differ from other mammals. 
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Extinct reptiles. The oldest fossil horses and 
elephants are found at the beginning of the Tertiary Era. 
During all that Era, as to-day, mammals were the most 
abimdant large animals on the earth. But earlier than the 
beginning of the Tertiary Era very few mammals existed 
at all and they were very small in size. 

During the long Secondary Era, however, reptiles were 
very abundant. Many of them were quite different from 
any reptiles alive to-day (p. 237 ). And many of these reptiles 
of the Secondary Era were huge in size. They took the 
place on the earth later on occupied by mammals. But 
at the end of the Secondary Era, at the time when the 
Chalk sea extended over England, these giant reptiles died 
out. They became extinct. 

Mammals to-day are some of them flesh eaters, others 
vegetable feeders. Among the mammals, whales and seals 
live in the sea, while bats fly. So, to6, in the Secondary Era 
there were huge carnivorous and herbivorous reptiles. And 
there were others which swam in the sea and yet others 
which flew. 

The huge land reptiles belonged to a grouj) of reptiles 
called dinosaurs. The first fossil skeleton of one of these 
animals was found in Sussex. It was herbivorous, and it 
stood on its hind legs like a kangaroo. Its head was fourteen 
feet from the ground. There were also carnivorous dinosaurs 
of much the same build (Fig. 148). The fact that they 
were carnivores and the others herbivores is known from 
the nature of their teeth. Just as lions prey on antelopes 
to-day, so one kind of dinosaur hunted another. The dino- 
saurs laid eggs, in the same way as crocodiles and some 
snakes do. 

There were also enormous dinosaurs which went on all 
fours. The skeleton of one of these is in the Natural History 
Museum in London. It is eighty feet long. Nevertheless, 
these giant reptiles are not the largest animals that have 
ever lived. The biggest whales are one hundred feet long 
and they are very much bulkier. 
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A most interesting fact about these giant reptiles is that 
they all had very small brains. Perhaps one of the chief 
reasons why they died out was that they could not compete 
with the more cunning mammals when these became 
abundant on the earth. 



Fig. 148. Carnivorous dinosaur. This is wliat the animal 
probably looked like. It was eighteen feet high. 


Ichthyosaurs were marine reptiles. Their structure 
was as completely adapted to life in the sea as that of 
whales (p. 244). The limbs were paddles, although they had 
the usual liml) bones of vertebrate animals. There was a fin 
on the back and a tail fin. Specimens have been found with 
the skeletons of yoimg inside them. This shows that the 
ichthyosaur brought forth its young alive. The Frontispiece 
to this book shows such a specimen with a newly born 
young one just behind it, and the bones of three embryos 
inside the body of the mother. Just as in the case of the 
other young vertebrate animals, the head and eye of the 
new-born ichthyosaur was very large compared with the 
size of its body. You can see this in the photograph. 
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Perhaps the most astonishing extinct reptiles were those 
which flew. They are called pterodactyls (Fig. 149). The 
wing was constructed on a different plan from those of birds 
or of bats. The fourth finger was enormously long and a 
membrane of skin extended from it to the side of the body 



Fig. 14U. Pterodactyls. Two kinds of flying reptiles as they 
must have appeared. 

and the leg (Fig. 129). Some pterodactyls were of the size 
of crows, others had a wing span of eighteen feet. The 
wings of a small aeroplane measure only lifteen feet across. 
But pterodactyls can better be comjmred with gliders. The 
small size of the keel on their breast bone shows that the 
Hying muscles were not well developed. It follows that the 
huge wings must have been used largely to glide and soar, 
making use of upward air currents like glider aero})lanes 
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and some birds such as kites. They probably “took off” 
from cliffs. 

Fossil birds. Birds have existed on the earth 
from the Secondary Era onwards. No living bird has teeth, 
but the earliest birds had teeth like reptiles. Moreover they 
had long tails. The tail was something like that of a lizard 
with feathers on it. 

Order of appearance of animals and 

PLANTS ON THE EARTH. Let US take the vertebrate 
animals. Fishes first appeared on the earth in the Old Red 
Sandstone Age (Fig. 146). Before that time there were 
no vertebrates at all on the earth. Amphibians came later. 
They first put in an appearance just before the Coal forest 
Age. At the beginning of the Secondary P^ra some kinds of 
amphibians were very large compared to the amphibians of 
to-day. They were something like newts (p. 232) to look at, 
but were up to nine feet in length. Soon afterwards these 
giant amphibians died out. 

The great age of reptiles was the Secondary Era. The first 
reptiles existed before the beginning of that age. Mammals 
and birds first appeared on the earth later than reptiles. 
During all the Secondary Era, however, mammals were not 
only few in number but they w^erc small and insignificant. 
Then, in the Tertiary Era, mammals of all sorts appeared. 
The giant reptiles had died out and mammals replaced 
them as the lords of creation. It was not until right at the 
end of the Tertiary Era that man arrived. 

You will notice that the order in which the various 
classes of vertebrates appeared on the earth is the same as 
the order in which we arrange the classes from the point of 
view of complication in structure and efiiciency in function: 
fishes, amphibians, reptiles, birds and mammals, and finally 
man. In past ages, amphibians, reptiles and mammals each 
flourished and dominated in turn as land dwellers. Mammals, 
with their controlled body temperature and better brains, 
had the last triumph, with man at the end of the story. 
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While reptiles were the masters, not only were many 
of them huge in size, but they were of all varieties, vege- 
table and flesh eaters, swimmers and fliers. So, too, in a 
later age there were all sorts of large and small, herbivorous 
and carnivorous, mammals, with whales and bats. 

Land plants t ell the same story. The remains of flowering 
plants are found no lower than the Chalk Age. The Coal 
forests were formed by plants resembling giant ferns and 
by otlier flow'erless plants w'hich afterwards died out. 
Flowering plants are better adapted to land life than ferns, 
for they have seeds (p. 183). So flowering plants su(x*ceded, 
and gradually appeared in all varieties and forms to take 
j)ossession of the land. 

The beginning of life. What animals inhabited 
the surfac^e of the earth before the fishes, the first verte- 
brates to ajipear? Helow the first fossil fishes found in the 
strata of rocks there are numerous remains of animals other 
than vertebrates. Before the fishes there were already corals, 
molluscs, crustaceans and many others. Fossils of these 
are found right from the bottom to tJie top of the seri(‘s of 
rocks. As witli the vertebrates, the further we go back in 
time, the less like were these creatures to animals alive 
to-day. 

But it is quite sure that this planet was populated long 
before tiie CamVirian Age (Fig. 146), long before the rocks 
containing the oldest fossils. Why is it then that we tind 
no fossil remains of tliese oldest animals? 

The centre of the earth is composed largely of molten 
rock. Sometimes this comes to the surface in volciuioes. 
When this central rock solidifies, it is crystalline. Granite is 
such a rock. Now the oldest strata of rock containing 
fossils have in past ages been forced down near to the liot 
central rock. The mass of strata above, and movements of 
the earth’s crust, hav'^e been responsible for this. The result 
is that the lowest layers of rocks which once contained 
fossils have been literally cooked. The heat below and the 
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pressure above has made them re-crystallize. Slate is day 
changed in this way. Limestone becomes marble. 

But in this process all fossils are destroyed. ^ The unfortun- 
ate result of this is that we can never know what the animals 
or plants were like which lived before the Cambrian Age. 
No fossils remain to tell us. We are sure only that there was 
life existing on the earth for a very long time before the 
Cambrian Age. Probably the time from the beginning of 
life on the earth until the Cambrian was quite as long as all 
the ages from the Cambrian until to-day. 

PRACTICAL WORK 

Search for fossils in cliffs or quarries of stratified rocks, 
taking a hammer and cold chisel with you, and, if you have 
the opportunity, go to the Natural History Museum in London 
and look particularly at the fossil vertebrates. 

^ There are marbles of later date than Cambrian in which fossils 
can be seen. These are limestones which have only been partially 
altered. Tliey are often seen in mantelpieces. 


298 



CHAPTER XIX 


EVOLUTION 

I. THE FACT OP EVOLUTION 

XiiE numerous cliff erci\t breeds of dogs are descended 
from a kind cjf wild dog like a wolf. In the course of time 
the various different breeds, bulldogs, dachshunds, grey- 
hounds and so on, have arisen. Biologists believe that this 
is true not only of dogs and other domestic animals. They 
believe that all the different kinds of wild animals and 
plants have a similar past history. To-day there are over a 
million different specie's of animals and plants on the earth. 
These are believed to be desc'cmded through the ages from 
other animals and plants. This prociess of clescent is known 
as evolution. 

There is an immense amount of evidence for the truth of 
evolution. We shall examine the facts shortly in this 
chapter. Much of the evidenc?e has been given already in 
previous chapters, and so we shall have eontinuall}^ to be 
referring back to facts which you know already. 

The family history of horses. You have 
seen how plants and animals are classilicd into species 
(p. 216). When this classification has been made, the ques- 
tions arise: What is the past history of a species? If we 
trace the succeeding generations of a pai’ticular spc'cies of 
animal or plant back into the past, were the individuals 
always exactly like those which are ali^'e to-day? Or were 
they once diffc'rciit? 

If now you think of the several extinct species of horse 
(p. 291), an answer to the questions at once suggests itself. 
You will remember that as we descend downwards in the 
strata of rocks, that is as we go backwards in time, the 
fossil horses get less and less like horses alive to-day. At the 
same time tlie further back we go the less were fossil horses 
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different from other mammals. Think of the gradual change 
from one-toed to five-toed feet as we pass downwards. 
SimiJar series of species, succeeding one another in time, are 
known for elephants, canieJs and other animals and plants. 

The questions are these : Are we looking at long family 
histories? Are modem horses descended in a direct line 
from a five-toed animal in the early Tertiary Era? Or has 
each succeeding species of horse been ereat(*d independent- 
ly, lived for an age and then died out to be replaced by a 
new creation? Biologists believe that the first of these two 
alternatiATS is the correct one. 

The three different species, horse, ass and zebra which 
are alive to-day have a past history like that of the different 
races of dogs, although of course a liistory immensely 
longer. The different breeds of dog all arose during the 
course of human history. The dog breeds arc all descended 
from a wild species of dog, each breed becoming more and 
more unlike the wild dog as time goes on. So modern 
horses, asses and zebras are believed to be descended 
through the various fossil species of horse from a small five- 
toed ancestral species wliich lived in early Tertiary times. 

Not only is this true of horses. All living species of 
animals and plants are believed to be descended from other 
species now extinct. Comparison with the known history 
of domestic animals and cultivated plants points to this, 
and so do the series of fossils found in rocks of suc^eeeding 
ages. We shall now look a little more closely at the various 
other lines of evidence which have led to the same 
conclusion. 

Flying vertebrates. Consider the wings of dif- 
ferent Hying vertebrate animals. Pterodactyls, birds and 
bats each have wings (Fig. 129). The wing skeleton of each 
has in it the bones found in the fore-limbs of other verte- 
brates. These are the humerus, radius and ulna, WTist bones, 
mctacarpals and finger bones. But in each of the three 
kinds of wings certain bones are enlarged, others are sup- 
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pressed. And in each kind it is different bones which do the 
work of flight. 

TJic explanation is that t)ie three kinds of flying verte- 
brates were each evolved separately from non-flying kinds. 
Pterodactyls and birds each descended from different types 
of reptiles. (The fossil bird with teeth and tail (p. 296) is 
an ancestor of modern birds — it is intermediate between 
present-day birds and reptiles now extinct.) Bats came 
from mammal ancestors not unlike shrew mice. 

Swimming reptiles and mammals. The limb 
bones and muscles of the different flying vertebrates have 
been in each instance modified and adapted in a s})ecial way 
for flight. So, too, we have met with both reptiles and 
mammals which are aquatic. These are the ichthyosaurs 
(p. 294) and the whales (p. 244). Here again the limbs, with 
the usual x^ortebrate limb bones, have been modified for a 
special purpose. The limbs form paddles or fins, but in 
them we can recognize the same bones as are present in the 
legs of walking and flying reptiles and mammals (Frontis- 
piece and Fig. 128). 

The explanation is that ichthyosaurs were the modified 
descendants of terrestrial reptiles and whales are descended 
from land mammals. 

Insect mouth parts. Another example of modi- 
fication of structures to meet special ends is sup]>lied by 
the mouth parts of insects (Chap. x). You saw how the 
same mouth parts can be recognized in cockroach, butterfly, 
fly and mosquito, but in each they are differently shaped 
for spccaal pur])oses. 

Independent evolution of wings and of 
EYES. Insects fly, but their wings are constructed on 
a totally different plan from those of vertebrates. Arthro- 
pods, whether they be insects or crustaceans, and verte- 
brate animals each have eyes. But, as you know, the 
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different from other mammals. Think of the gradual change 
from one-toed to five-toed feet as we pass downwards. 
Similar series of species, succeeding one another in time, are 
known for elephants, camels and other animals and plants. 

The questions are these: Are we looking at long family 
histories? Are modern horses descended in a direct line 
from a five-toed animal in the early Tertiary Era? Or has 
each succeeding species of horse been created independent- 
ly, lived for an age and then died out to be re})laced by a 
new creation? Biologists believe that the first of these two 
alternatives is the correct one. 

The three different species, horse, ass and zebra which 
are aliA C to-day have a past history like that of the different 
races of dogs, although of course a liistory immensely 
longer. The different breeds of dog all arose during the 
course of human history. The dog breeds are all descended 
from a wild species of dog, each breed becoming more and 
more unlike the wild dog as time goes on. So modem 
horses, asses and zebras are believed to be descended 
through the various fossil species of horse from a small five- 
toed ancestral species which lived in early Tertiary times. 

Not only is this tme of horses. All living species of 
animals and plants are believed to be descended from other 
species now extinct. Comparison with the known historj^ 
of domestic animals and cultivated plants points to this, 
and so do the series of fossils found in rocks of succeeding 
ages. We shall now look a little more closely at the various 
other lines of evidence which have led to the same 
conclusion. 

Flying vertebrates. Consider the wings of dif- 
ferent flying vertebrate animals. Pterodactyls, birds and 
bats each have wings (Fig. 129). The wing skeleton of each 
has in it the bones found in the fore-limbs of other verte- 
brates. These are the htimerus, radius and ulna, WTist bones, 
metacarpals and finger bones. But in each of the three 
kinds of wings certain bones are enlarged, others are sup- 
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pressed. And in each kind it is different bones which do the 
work of flight. 

Tlie explanation is that the three kinds of flying verte» 
brates were each evolved separately from non-flying kinds. 
Pterodactyls and birds each descended I rom different types 
of reptiles. (The fossil bird with teeth and tail (p. 296) is 
an ancestor of modern birds — it is intermediate between 
I)resent-day birds and reptiles now extinct.) Bats came 
from mammal ancestors not unlike shrew mice. 

Swimming reptiles and mammals. The limb 
bones and muscles of the different flying vertebrates have 
been in each instance modified and adapted in a special way 
for flight. So, too, we have met with both reptiles and 
mammals which are aquatic. These arc the ichthyosaurs 
(p. 294) and the whales (p. 244). Here again the limbs, with 
the usual vertebrate limb bones, have been modified for a 
special purpose. The limbs form paddles or fins, but in 
them we can recognize the same bones as are present in the 
legs of walking and flying reptiles and mammals (Frontis- 
piece and Fig. 128). 

The explanation is that ichthyosaurs were the modified 
descendants of terrestrial reptiles and whales are descended 
from land mammals. 

Insect mouth parts. Another example of modi- 
fication of structures to meet special ends is supplied by 
the mouth parts of insects (Chap. x). You saw how the 
same mouth parts can be recognized in cockroach, butt(utly, 
fly and mosquito, but in each they arc differently shaped 
for special purposes. 

Independent evolution of wings and of 
EYES. Insects fly, but their wings are constructed on 
a totally different plan from those of vertebratos. Arthro- 
pods, whether they be insects or crustaceans, and verte- 
brate animals each have eyes. But, as you know, the 
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There arc other cases of the same thing. The human 
embryo at one stage has a tail (Fig. 150). Flat-fishes are 
peculiar in lying permanently on one side. When young, 
however, they swim like other fishes (Fig. 124). The crab has 
a reduced abdomen tucked in underneath its thorax. As a 
larva its abdomen sticks out like that of a lobster (Fig. 115). 
Barnacles could hardly be recognized as crustaceans at all 
but for their larvae, which are like those of other crusta- 
ceans (Fig. 117). Barnacles are the much modified des- 
cendants of free-swimming crustaceans. Their larvae alone 
have not changed much. 

A FAMILY TREE. The instances given above are a 
very small selection out of the great number of facts which 
point to the existence of evolution. All plants and animals 
alive to-day are twigs of a vast family tree. Present-day 
plants and animals are descended in direct lines from others 
now extinct and different from themselves. Generally 
speaking, the living end branches of the family tree are 
composed of species more specialized than their ancestors. 
Whales and bats, for instance, had ancestors less specialized 
and more like other mammals. 

Some animals or plants have changed more, others less, 
in the course of time from what their ancestors were. Man 
and apes, for example, certainly both belong to the same 
stock. In anatomy they are very much alike. But in the 
course of evolution man has changed more from the com- 
mon ancestor of both than apes have done. There is 
definite evidence for this from fossil remains of man, once 
called “missing links”, now no longer missing. 

Hydra is the simplest many-celled animal which we 
studied. It hasevolved much less from the common ancestor 
of all many-celled animals than molluscs, arthropods or 
vertebrates have done. 

The same fact comes out if we consider the vertebrate 
animals as a whole. We have seen that there is evidence 
that the remote ancestors of all of them were fish-like. 
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Modern fishes have not altered so very much from these 
ancestors. Amphibians have altered considerably more, 
but still they have fish-like tadpoles. Reptiles, birds and 
mammals have changed much more in the course of their 
history. 

The conquest of the land. The evolution of 
the various classes of vertebrate animals other than fishes 
has been in the direction of better and better capacity for 
living on land. Amphibians arc not so very different from 
fishes. Not only are they still dependent on moisture when 
adult but their larvae (tadpoles) live in water. Reptiles, 
birds and mammals can live in quite dry air. It is birds and 
mammals which have moved farthest in evolution, with 
their constant internal temperature and their superior 
brain power. 

The fossil evidence altogether confirms this sketch of 
vertebrate evolution deduced from structure and physio- 
logy. You have seen (Chap, xviii) how the different 
classes of vertebrates appeared successively on the earth. 
First came fishes and then amphibians. After the amphi- 
bians, reptiles appeared, then mammals and birds, and 
finally man. But the family tree had many side branches 
which stopped long ago. Many lines of evolution went on 
for a time and then died out. The different kinds of huge 
reptiles in the Secondary Era supply good examples of 
this. 

Life began in the water. Fossils show^ us 
how in turn amphibians, reptiles and mammals, ending 
with man, were masters of the land. Anatomy and 
physiology show us how each of these kinds of vertebrate 
animals is in turn more and more suited to land life. 

The ancestors of all the vertebrates were fish-like. They 
lived in water. So, too, the simplest animals of all, the 
protozoa, live in water. From some protozoan the ancestor 
of all many-celled animals evolved. This ancestor must have 
been something like Hydra, and it too was aquatic. Now, 
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it is a fact that most groups of animals still live in water. 
Anemones, star-fishes, oysters, octopus, crustaceans and 
fishes are water-living. It is from aquatic ancestors that 
the land dwellers are descended. 

Two groups of animals only, namely the arthropods and 
the vertebrates, have completely succeeded in conquering 
the land. Lisects and land vertebrates are equally fitted to 
life in air, each in their own different ways. Among the 
molluscs, the snails have evolved into land dwellers, but 
they can hardly be said to be so successful as insects and 
spiders, or reptiles, birds and mammals. 

Plant evolution. On the plant side there is a 
similar story of gradual domination of the land environ- 
ment. The lowest plants, bacteria, yeasts and algae, live in 
water. They have not evolved very far from the ancestors 
of all plants. Mosses and liverworts are more fitted to land 
and ferns even better. But still water is necessary for their 
spermatozoids. It is the flowering plants, with their ways of 
avoiding water loss, and their seeds and pollen, which are 
most fully adapted to land. 

Now, the fossil history of plants tells how the evolution 
took place. After the lowest plants, liverworts and mosses 
appeared first on the earth. Then came ferns, later on pines, 
and lastly the flowering plants. Just as with the classes of 
vertebrate animals, first the lower (floweiiess) plants and 
later on the higher (flowering) plants were in turn dominant 
on land. And each group of plants had many side lines in its 
family tree, whic*li flourished for a time and then died out 
to give way to more perfect land plants. 

The beginning of life. What were the ances- 
tors of all animals and plants like? What were the first 
forms of life to appear on the earth and start the family 
trees of animals and plants? We do not know. 

There are two reasons why wc cannot know this. Un- 
doubtedly the earliest fonns of life must have been 
something like bacteria or protozoa. But they must have 
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been too soft to leave fossil traces. And, moreover, the oldest 
strata of rocks formed of sediments laid down in water have 
been changed and re-crystallized by heat and pressure 
(p. 297). Consequently all fossils in them have been 
destroyed. So no traces are left of any of the earliest forms 
of life. 

To-day, as far as we know, no living organisms can arise 
from anything non-living (p. 84). But at least once in the 
early history of the earth this must have happened. Pre- 
sumably the chemical and physical conditions in the waters 
of the earth at that moment were different from an 5 d:hing 
wc have been able to imitate in a laboratory. The condi- 
tions then must have particularly favoured the production 
of simple cells from non-living chemical substances. 

II. THE CAUSES OF EVOLUTION 

There is no doubt of the fact of evolution. But for what 
reasons have plants and animals evolved? What has 
caused them in the course of ages to change from one kind 
into another? 

Chakles Darwin. As far back as the time of the 
ancient Greeks scientific men suspected the existence of 
evolution. But biology was not sufficiently far advanced to 
prove it. Then the idea disappeared, and right through 
mediaeval times it was believed by everyone that all kinds 
of living animals and plants had been created some few 
thousand years ago. Fossils were still unknown and the real 
age of the earth was unsuspected. But after the Renaissance, 
plants and animals came to be better and better known. 
Anatomy was more deeply studied and more and more 
different kinds of living organisms were described. Then 
gradually suggestions of the existence of evolution were 
thrown out. But it remained for Charles Darwin (Fig. 151) 
to prove its reality. 

In 1859 Darwin^s book called the Origin of Species was 
published. In a very short time it had convinced biologists 
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of the truth of evolution. The great power of Darwin's book 
was due to two circumstances. First, he gave a great 



Fig. 151. Charles Darwin, Portrait taken about 1854. 

wealth of evidence, of the sort which wc have outlined in 
this chapter, pointing to the existence of evolution. And 
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second, he proposed a theory to explain the causes of 
evolution. 

By 1859 the minds of scientific men were ripe for the idea 
of evolution. Astronomy had already shown that heavenly 
bodies evolve. Planets and the sun, for instance, started 
as one. Fossils had been studied, and there were innumer- 
able facts of anatomy waiting for a logical explanation. 
But one of the reasons for the immediate success of Dar- 
win’s book was that it not only demonstrated the existence 
of evolution but it also suggested a reasonable explanation 
of why plants and animals evolve. 

Darwin’s proof of the reality of evolution remains un- 
shaken to-day. We have given an outliii(-‘ of it in the first 
part of this ehapter. His theory of the reasons why evolu- 
tion takes place has been added to and altered since his 
time. In essemje Darwin’s theory of the reasons why 
evolution occurs is most probably correct, but many gaps 
still remain to be filled in. We shall now briefly look into 
the question of the causes of evolution. 

Heredity. A child inherits characteristics from its 
father and mother, and from its ancestors. There is a 
family resemblance between tlie generations. The same 
applies to animals and plants. Strains of garden flowers 
and lines of race horses are familiar examples. This is the 
fact of heredity.^ 

^ Each individual starts life as one cell, the fertilized egg. This 
divides many times until the full grown body is formed. Some of 
the cells resulting from the numerous successive divisions of the 
fertilized egg become testis or t)vary. The remainder make all the 
other tissues of the body. It is from cells out of testis or ovary that 
the next generation will arise, from spermatozoa and eggs. This fact 
makes one look at heredity in a dillcrent light from the man in the 
street. Suppose, for instance, that a mother and a child both have 
blue eyes. The child has inherited its mother’s eye colour. But this 
does not mean that the cells in the mother’s eye had anytliing to 
do with the child’s eye colour. For all the cells in the child’s body, 
including the cells of its eyes, arose from a v.e\\ in the mother’s ovary, 
not from cells in her eyes. In other words, both mother’s eye and 
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Of late years a great deal has been discovered about 
heredity. It is possible to foretell, for example, when one 
parent has dark eyes and the other light-coloured eyes, 
what proportion of the children will have light eyes. A 
large number of facts of this sort have become known since 
the first discoveries of Mendel, an Austrian abbot, in the 
second part of last century. A whole branch of biology 
called Mendelism has grown up dealing with these facts of 
heredity. But we can go no further into the question here. 

Variation. Brothers and sisters are never exactly 
alike. Offspring of animals or plants always show differ- 
ences among themselves. These differences are called varia- 
tions, Brothers can vary in all details of bodily structure. 
Their noses may be of different shapes. Their hair may vary 
in colour. They may be of vfirying heights. In the same 
way members of a family can show variations in the func- 
tions of the body. One brother may be more resistant to 
disease than another or he may form conditioned reflexes 
more rapidly. 

Generally speaking, variations are due to one of two 
causes. Partly they are inborn. In other words, they are 
due to heredity: they are inherited. And partly variations 
are due to the life the individual has led. That is, they are 
caused by the environment. 

Take the case of height. There arc tall families of men and 
there are short families. On the average a member of a 
tall family will be taller than a member of a short family. 
But the exact height to which any member of a family 
grows will depend not only on his heredity. It will depend 
also on whether he was well fed or badly nourished as a boy. 
It may depend on whether or not he suffered serious illness. 

child’s eye are derived from a line of cells which has passed from 
generation to generation through the ovaries. That is to say, the 
body of a parent does not hand on its characteristics to the body 
of the offspring. Both bodies have like characters because both 
arise by cell division from a line of cells which can be traced through 
ovaries and testes back to far off ancestors. 
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So too for plants. There are tali and short strains of corn. 
But the exact height reached by any plant will depend 
also upon the amount of moisture and food salts in the 
soil. Both heredity and environment tell. 

Occasionally quite new variations turn up in a family 
and are passed on by heredity to succeeding generations. 
Some detail of structure or of functioning of an organ 
which had never before been known in the family history 
appears. A strain of rabbits may have been bred for 
generations having always the same coat colour. And then 
suddenly a few individuals turn up with differently 
coloured hair. Flowers may have been raised for genera- 
tions and then unexpectedly a few plants appear with an 
unusual number of petals. Sueli new and unexpected varia- 
tions are called mutatioris. Once they have appeared they 
are passed on from parent to offspring by heredity. Up 
to now we know very little of the causes of mutations. 

The struggle for existence. Many more 
plants and animals are born into the world than can pos- 
sibly survive. You will remember how rapidly bacteria 
multiply (p. 81). A single pair of flies can produce 20,000 
larvae. In a fortnight these turn into flies and breed again. 
If all survived they would then give rise to 100,000,000 
more larvae. A single cod lays several million eggs. But of 
these, on the average, only two survive to grow into adult 
fishes. For neither flies nor cod are on the increase in 
numbers. So on the average only two offspring of a pair of 
parents can survive to replace their parents when the latter 
die. 

This is true of all animals and plants, wdiether they have 
very munerous offspring like the cod, or only a few. Most 
members of each family die young. They are either killed 
by enemies or they die for lack of food. Of all the seed 
scattered by a flower only very few can grow into new 
plants. Most are crowded out. Tliere is itb room for them in 
the soil. 
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You have read how the prickly pear and how the rabbit 
suddenly multiplied enormously in Australia where they 
were free from their natural enemies (p. 138). Camels arc 
becoming a nuisance in parts of Australia to-day for the 
same reason. 

But normally hard conditions of life and enemies keep 
down the numbers. Tlicre is a never ending struggle for 
existence. Obviously in this struggle the weakens! go to the 
wall. Individuals not vigorous enough to get most food go 
under. Those which are the strongest to fight foes or 
strongest to resist parasites live on and breed, while the 
weaker members of each family die young. In other words, 
the result of the struggle for existence is a survival of the 
fittest. 

Natural selection. Darwin saw that the struggle 
for existence should result in evolution. To quote Darwin’s 
own words 

Let us take the case of a wolf which preys on various animals, 
securing some by craft, some by strength, and some by fleet- 
ness; and let us suppose that the fleetest prey, a deer, for 
instance, had from any change in the country increased in 
numbers, or that other prey had decreased in numbers, during 
that season of the year when the wolf was hardest pressed for 
food. Under such circumstances the swiftest and slimmest 
wolves would have the best chance of surviving and so be pre- 
served or selected.... I can see no more reason to doubt that this 
would be the result tlian that man should be able to improve the 
fleetness of his greyhounds by careful and methodical selection, 
or by that kind of unconscious selection which follows from each 
man trying to keep the best dogs without any thought of 
modifying the breed. 

Those individuals which survive to breed must be the 
strongest, the healthiest, the most cunning. Now, we have 
seen that these characters of strength, health or cunning 


^ Origin of Species^ chap, iv, 
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are due to two causes. In part they are family character- 
istics. That is to say, they are inherited. And in part they 
are due to outside influences, to the life the growing 
animal or plant has led. Variations, in other words, are 
due partly to heredity, partly to environment. 

The result of natural selection is that those animals or 
plants survive which are best fitted to the life they have to 
lead. Now, when the survivors breed they will hand on to 
the next generation some of the characteristics which 
helped them to win in the struggle for existence. Those 
beneficial qualities xvhich are hereditary will reappear in the 
next generation. In this way, generation by generation, any 
species of plant or animal must get better and better 
adapted to its environment. Or, if no further improvement 
in adaptation is possible, the high level of efficiency will be 
kept up. 

One of the most striking things wliich the study of 
biology brings out is the amazing degree of adaptation in aU 
animals and plants. In ways that are often extraordinarily 
complicated they are fitted to the lives they lead. Think 
only of flying animals, of the bee state, of cross-pollination 
of flowers, of distribution of seeds, of the leaf insect 
(p. VS3). Natural selection provides an explanation of this 
adaptation. 

The evolution of new species. So far you 
see how the survival of the fittest will maintain the 
efficiency of a species. But how does it hel]) to explain the 
evolution of one species into other species in the course of 
time? 

We must remember that the environment is not un- 
changing. In the course of millions of years there have 
been several cold periods and several tropical ages in 
northern Europe (p. 291). We know indeed that climates 
change in much shorter periods of time. The Thames at 
London no longer freezes over as it once did. As these 
changes slowly occur plants and animals must change too, 
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If they are to survive they must adapt themselves to the 
new conditions. 

As the environment alters, natural selection will pick out 
new characteristics wdiich previously had no value in the 
struggle for existence. Some characteristics, of course, will 
count for vsurvival in the new climate wliich are due only to 
the action of the environment on t he individual during its 
life. As these characters are not passed on to the next 
generation they will not count in evolution. But if an 
inherited character happens to fit the individual better to 
the new climate, then it too will be selected in the struggle. 
Individuals })ossessing the particular characteristic will 
survive and they will pass it on to their descendants. Thus 
gradually a species will alter in many of its characters. It 
will turn into a new species by the natural selection of 
favourable inherited variations. If you remember that from 
time to time mutations ^ that is to say new inlierited varia- 
tions, turn up, you will see that there must be amf)le 
material for natural selection to work upon and so produce 
new species. 

Acquired characters. Of course, to a large 
extent living organisms arc able to adapt themselves to 
changes in their environment during their lifetime. If a 
man adopts the calling of blacksmith his arm muscles are 
developed more than those of other men. Will his sons, 
even if they arc not blacksmiths, have arm muscles ab- 
nonnally large? Or, if they adopt the calling of blacksmith, 
will their muscles develop more quickly than their father’s 
did? 

Now, were it true that such characteristics acquired in 
the lifetime of a plant or animal could be inherited by 
its offspring, then this would supply a good explanation 
of evolution. As an environment, a climate for example, 
gradually changed, each succeeding generation would 
develop adaptations to the altered world (just as the black- 
smith develops his arm muscles) and pass them on to 
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their successors. But it is uncertain whether this does 
happen. 

Evolution seems to work by the more roundabout way 
of the natural selection of mutations. For reasons we do 
not yet know, cells in testis or ovary are changed from time 
to time. This results in new characters, mutations, in the 
next generation. If the new characters are favourable in 
the struggle for existence, their possessors survive to pass 
them on to tlicir offspring. Natural selection seems to he a 
sieve which separates good from bad mutations by killing 
off the bad. 

Human evolution. This question as to wJiether 
or not characters acquired in the course of a lifetime are 
passed on by heredity is of immense importance, too, in 
considering human evolution. For with civilized man. 
natural selection no longer has full play. The weakest are 
no longer allowed to go to the wall. The weakest have 
families just as well as the fittest. One of tlie few ways in 
which natural selection can work to-day is by the death of 
those less resistant to diseases.^ 

Btit for generations now there have been schools, uni- 
versities, trades. Docs each generation pass on something 
of what it has learnt to its sons and daughters? There is 
no certainty that this happens. It is true that knowledge 
advances. But the advance accumulates in libraries. We 
are apparently no cleverer tiian our great-grandparents 
were. 

Animal and plant geography. Different 
regions of the world have different faunas and floras. This 
wouM be expected as a result of evolution. Climates and 
conditions of life differ, and so in each region different 
animals and plants have evolved to suit the varied circum- 
stances of life. Contrasted climates have contrasted forms 
of life. But there are a number of curious exceptions. These 


^ And perhaps of those less agile in avoiding motor cars. 
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are puzzling at first, but when the geological history of the 
countries is known the explanation becomes plain. 

Places quite near to one another, having climates very 
much alike, may yet have quite different animals. This 
is the case of Australia and New Zealand. Australia has 
numerous mammals, all of a peculiar kind related to the 
kangaroo. New Zealand had no mammals at all until man 
brought rabbits and domestic animals there. The reason is 
that for long ages past Australia and New Zealand have 
been separated by sea. Evolution has gone its own in- 
dependent way in each country. The animals of England 
and China are much more alike, although tlie two countries 
are so far apart, but there has been no barrier to prevent 
land animals spreading between these distant countries. 
Even the faunas of north Africa and southern Europe are 
not unlike one another, but in the late Tertiary Era there 
was a land bridge across the Mediterranean, 

It is clear, then, that like climates do not necessarily have 
like forms of life. Animals or plants start evolving in one 
region, and, if barriers prevent them from spreading, their 
descendants stay there. . 

There is another strange fact about the distribution of 
animals which only evolution and geology can explain. The 
kangaroo and its relations flourish in Australia. Opossums, 
which are their relations, are found in America. Nowhere 
else in the world does this group of mammals live. Yet 
Australia and America arc widely separated by seas. Again, 
a strange mammal called the tapir, which you can see in the 
Zoo, lives only in Borneo and in Central America. Yet the 
barriers to spreading between these places are enormous. 

Why are tliese nearly related animals found only in such 
remotely separated places? The answer is that in early 
Tertiary times kangaroo-like and tapir-like animals lived 
all over Europe, Asia and North America. Their fossil 
remains have been found. In the struggle for existence they 
have died out everywhere except in the isolated spots where 
they survive to-day. 
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THE HISTORY OF BIOLOGY 

advances in science have been made in the last 
century. These advances have been equally important in 
pliysies, in chemistry and in biology. Not only have we 
come, in this short space of human history, to understand 
much })etter than our an<^estors ever did what the world 
around us is and what we are ourselves; but also, as a con- 
sequence of the scientific* discoveries of this last century, 
civilization has been completely altered. It is biology 
which has made the most important contribution. For, 
thanks to medicine and hygiene, conditions of life are far 
better to-day than they have ever been before. Whether 
the other changes in civilization are equally good can be 
debated. 

Neither art nor philosophy have advanced as science has 
done. The aiudent Egyptians, and even j>rehistoric man 
who drew pictures on the stone walls of caves, were as 
much artists as any who have lived since their time. Greek 
philosophers were as great as any of their successors. Nor 
are the men of science who have brought about the great 
additions to knowledge in the last hundred years or so any 
cleverer than men who lived in ancient Grc(jce. The recent 
remarkable progress in all the sciences has been possible 
thanks to the work of men of genius in past centuries. 
Gradually the discoveries which these men made have 
accumulated in libraries. More and more stepping stones 
have been laid down from which fresh advances could be 
made. The front gradually widened until, quite recently in 
history, there was ground and opportunity for numerous 
scientific men to ap})ly their genius. 

To understand how the main facts of biology outlined in 
this book have been found out, and how the interpretations 
of these facts have been arrived at, it is essential to know 
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quite briefly what were the preliminary discoveries made in 
the past and who were the men that made them. These men 
are at least as important in human history as those who 
won bfittles or made laws. 

Aristotle. I'he earliest biologist of first-rank importance 
known to us is Aristotle. We may say without exaggeration 
that no later biologist has been a greater genius. 

It is true that we know little of those who came before 
Aristotle. But there is reason to believe that few important 
discoveries had been made and that Aristotle had no 
libraries to consult which gave accounts of earlier work. 
We are thus amazed at the number of discoveries he made 
and at the insight he acquired into the structure and life 
of animals and plants. 

Aristotle lived in the fourth century b.c. When a young 
man he became a pu})il of the philosopher Plato at Athens. 
Plato taught his pupils in a grove of trees. This school of 
his, corrcs})onding to a university, was known as the 
Academy. After this, Aristotle spent a long time in 
studying marine animals and other forms of life. Part of 
his work was done during a two years’ honeymoon in the 
island of Lesbos. Then he was invited by Philip of Macedon 
to be tutor to his son Alexander, afterwards to become 
Alexander the Great. Aristotle accepted the post. Later 
on he returned to Athens to found his own college or uni- 
versity. This was called the Lyceum. Aristotle is said to 
have paid particular attention to dress. 

It is impossible to give a full account of Aristotle’s 
numerous works. He studied many plants and animals. 
Dissections were made, for instance, of the excretory and 
reproductive organs of mammals. He gave an account of 
the development from the egg of the octopus and of the 
chick. He explained that porpoises, like whales, are 
mammals. And he was not merely an observer. All along 
he formed theories to explain the facts. 

Aristotle was chiefly concerned with the nature of life 
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itself, with that which distinguishes the living from the 
non-living. He divided living organisms into vegetative, 
animal, and rational. The first, plants, have only the 
primary characteristics of life: nutrition, growth, and 
reproduction. Animals, in addition, have sensation and 
motion. And man, a rational being, directs his actions by 
his thoughts. Life is considered by Aristotle to be mind in 
different degrees of perfection. This went together with the 
conception of a scale of life, a classification of nature, from 
the non-living, through plants and lower and higher 
animals, to man. 

Pliny. In the Roman Empire there were two outstand- 
ing figures in the history of ))io]ogy. The first of these two 
was Pliny. He was a patrician and an important govern- 
ment ollieial. At the same time he was an enthusiastic 
amateur naturalist. Pliny w'as an extremely hard worker, 
reading or dictating books even while he dressed after Ixis 
bath. He was killed in tlie eruption of Vesuvius which 
overwhelmed Poin])eii. 

Yet Pliny was not a true naturalist, but rather a collector 
of facts and stories. These he put together in a famous 
work on Natural History, in thirty-seven books. It was 
quotf'd during the next thousand years as if all that was in 
it were true. I'his, however, was far from being the case, for 
Pliny was very credulous and mixed together truths based 
on observation with mere travellers’ tales and superstitions. 

One of Pliny’s points of view is still frequently met with 
among people who have had no biological education, 
namely that every plant or animal must be of some use to 
man. We often hear such a question asked as “What good 
do cockroaches do? ” It is assumed by those who ask such 
questions that the universe exists for our convenience. 
Now, some animals may incidentally be of use to man, as, 
for instance, earthworms (p. 12;3). But the biologist knows 
that all living organisms, including man, have evolved, and 
that all of them have their own lives to live. 


819 



THE HISTORY OF BIOLOGY 

Galen. The second of the two biologists in Rome who 
had a great influence on the science for many centuries 
after his death was Galen. He was a medical man. At one 
time he was a surgeon to gladiators, and, later on, physician 
to the Emperor Marcus Aurelius. 

The human body had been dissected in schools of medi- 
cine before then. In Galen’s time, however, this was no 
longer practised. But Galen was a very original investi- 
gator and he dissected numerous animals, particularly 
monkeys, which he realized were nearest to man in structure. 
He made many important discoveries, particularly in the 
anatomy of muscles and bones, and in the physiology of the 
spinal cord. 

Yet one of Galen’s chief eiTors must be mentioned, 
because it had such a great effect in later centuries when all 
that he had written was believed to be infallible. He did 
not realize that the blood circulates round the body. He 
thought that blood ebbs and flow^s both in arteries and 
veins. He believed, further, that air passes from the lungs 
into the heart where it charges the blood with a “vital 
spirit ”, and that in the brain the blood receives an “ animal 
spirit”. 

The decline and re-birth of biology. From the 
end of thesecondcenturyA.D. there was no science in Europe 
for over a thousand years. The works of Galen and Pliny 
were merely copied and re-copied, each time with more and 
more alterations and corruptions. 

In Greece and Rome botany had been studied as a part 
of medicine. Descriptions were made of those plants used 
as medicinal herbs, and some of the herbals, as these de- 
scriptive works are called, were surprisingly accurate and 
well illustrated. They, too, were copied many times during 
the Middle Ages, until finally the plants in them were 
practically unrecognizable. For the plants themselves 
were never looked at in preparing new editions. 

But after the seventh century, culture revived in the 
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growing Mohammedan Empire, and Arabic now became 
the cultural language. The works of the Greek philosophers 
and scientists were translated into Arabic. Europeans now 
began to translate Aristotle and other Greek authors from 
Arabic into Latin. 

Then universities were founded, of which Paris was at 
fii*st the most important. Here old texts were studied, yet 
still without any new observations on plants or animals. 
But in Italy human dissection was begun again, after an 
interval of over a thousand years. 

In the fourteenth century came the Renaissance, which 
was a re-birth both of art and of science. Nature was once 
more studied closely. In this the artists were at first the 
best observers. You will realize this by looking at the 
plants in the paintings of Botticelli and the animals drawn 
by Durer. One great artist, Leonardo da Vhici, was at the 
same time a man of science. His drawings of human 
anatomy were not only accurate, but they showed the 
muscles as they are in life, not dead as seen in some modern 
books on anatomy, I^eonardo was the first to compare 
correctly the limbs of the horse and man (Fig. 126), and 
he studied the way in which an image is formed on the 
retina of the eye (Fig. 138). 

In the fifteenth century printing began. Greek works, 
including those of Aristotle, were now translated directly 
into Latin. And from this time on, the discoveries by men 
of science could easily be read by students and by other 
investigators. 

William Harvey. In the period from the reign of 
Elizabeth to that of Cromwell there lived a man who can 
be said to be the founder of animal physiology. His name 
was William Harvey. He at last discovered how the circu- 
lation of blood around the body takes place, and put right 
Galen’s errors. 

Harvey was educated at GonAulle and Caius College. The 
portrait of him reproduced in Fig. 152 hangs in the College. 
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On leaving Cambridge, Harvey went on with his studies at 
Padua in Italy, at that time the most famous sethool of 
anatomy in Europe. Later on, Harvey was physician in 
turn to James I and Charles I, just as Dr Caius, the second 
founder of Harvey’s college, had been pltysician to Edward 
VI, to Mary, and to Elizabeth. Harvey accompanied 
Charles I in one of his battles against Cromwell. 

Harvey studied the heart not only in vertebrates but also 
in insects, in the oyster, and in the transparent shrimp. He 
explained the mechanism of the mammalian heart as a 
double pump. He concluded that the large volume of blood 
continuously being pumped by the heart into the aorta 
must <;ome back again to the heart. Thus he deduced that 
there must be capillaries in all the tissues, leading from 
arteries to veins. Yet the microscope had not yet been 
invented, and he could not see capillaries as you have done. 

The microscope. In the seventeenth century biology 
made great progress, largely owing to the in\'ention of the 
microscope. Lenses and spectacles had long been known, 
but it was not until early in the seventeenth century that 
Galileo made the first telescope and the first microscope. 
The discoveries in astronomy due to the telescope were 
no more astounding than those in biology due to the 
microscope. A whole new world was opened. Among 
those who made the first discoveries with the new instru- 
ment the names of several men have become famous. Of 
these we shall mention only two. 

One of them is Koberl Hooke. He saw that the nii(;roscope 
would “make some men excel others in their observations 
and deductions almost as much as they do the beasts”. 
Hooke did more work as a physicist than as a biologist, but 
his microscopical work was admirable. He gave the name 
to the “cell” (p. 50), and studied the structure of feathers 
(Fig. 130). He had an irritable temper. 

Malpighi, who also lived in the seventeenth century, was 
a Professor of Medicine in Italy. But he was much more 
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than a medical man. You know him already by his picture 
of the mistletoe (Fig. 28). This picture shows a section 
through a branch with the root of the parasite growing into 
it. Malpighi studied numerous other plant tissues under the 
microscope. He described the capillary blood vessels in the 
frog’s lung, thus completing the great discovery of Harvey, 
just four years after the latter’s death. He dissected silk- 
worms, saw their complicated anatomy, and was astonished 
at it. Here he found tracheae and concluded correctly what 
is their function (p. 180). 

Scientific societies. It is clear now that there was a 
great advance in science in the seventeenth century. One 
consequence of this was a need for scientific men to meet 
together and discuss their problems and results. Thus 
scientific societies came into being. 

In the reign of Charles II a group of men, one of whom 
was Robert Boyle (see Preface), founded the Royal Society of 
London. This is to-day the premier scientific society in 
the British Empire, having its rooms in Burlington House. 
It was at first called the Invisible College, and consisted of 
“divers worthy persons inquisitive into natural philosophy 
At about the same time the Academie des Sciences was 
formed in Paris. This was during the reign of Louis XIV. 

Classification. More and more animals and plants were 
now becoming known. This was due in part to the use of 
the microscope, in part to collections brought back by 
travellers. Consequently there was an urgent need for 
classifying the rapidly accumulating material. Hitherto 
plants had scarcely been classified into groups and families 
at all. And no one had improved on Aristotle’s system of 
grouping animals. 

The necessary classification was done in the eighteenth 
century by a Swede, Linnaem. He arranged all known 
plants and animals in groups according to their resem- 
blances in structure. To him is due the exact idea of genus 
and species (p. 21G). 
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Linnaeus started his career as a student of medicine. 
Then he went on foot on an expedition through Lapland to 
collect plants, travelling nearly 5000 miles and undergoing 
many hardships. Later on he became Professor of Natural 
History,^ and sent out pupils on further expeditions. After 
his death his books were bought by a wealthy English natura- 
list. A Swedish warship was sent in pursuit of the vessel 
bearing away the library, but the English ship was faster 
and the books are still in London. 

Comparative anatomy. The next great advance in 
biology was the study of plants and animals from the 
comparative point of view, the point of view taken through- 
out this book. 

The poet Goethe, who was not only a poet but also a 
biologist, was one of the first persons since Aristotle to see 
clearly that numerous animals have a uniformity of plan in 
their structure. He regarded jJants from the same view- 
point. The parts of flowers, for example, arc modifications 
of leaves (p. 158), and so are cotyledons, 

Goethe lived in Napoleonic times. A contemporary of 
his, Baron Georges Cuvier, studied the anatomy of animals 
from the comparative point of view. In particular, he 
studied fossil vertebrates. He was really the founder of 
this branch of biology. 

Only a century before Cuvier’s time had it become 
generally recognized that fossils are the remains of extinct 
animals buried in what were once marine muds and sands. 
RoheH Hooke explained the matter correctly. Before his 
time, however, fossils were believed to have been created as 
we find them in the rocks. Some even said that they were 
put into the rocks by the Devil to deceive man. Yet as far 
back as the end of the fifteenth century Leonardo da Vinci 
had understood the nature of fossils. 

Cuvier made enormous strides in the study of fossils and 

^ This includes Botany, Zoology and Geology. It is only within the 
last lifty years or so that the word Biology has been generally used, in 
place of the older temi Natural History, for Botany and Zoology, 
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in the comparison of them with living animals. Many 
people were incredulous of his findings. On one occasion he 
started to chip a fossil out of a rock found near Paris. From 
the first view of the jaw he saw that it was the skeleton of 
an animal related to the kangaroo, now living only in 
Australia (p. 316). He called together a group of scientific 
friends and told them what the skeleton would he when he 
had extracted it from the rock. To their amazement he was 
right. 

Physiology. In the seventeenth century Robert Boyle 
inv^enteda vacuum pumj). With his “pneurnatical engine”, 
as he called it, lie showed that air is mat(‘rial and has weight. 
He put a mouse into the chamber of his pump and evacuated 
the air. Th(i mouse died. By such means he proved that it 
is air, not some mysterious spirit, which is breathed. 

A century later Lavoisier, one of the discoverers of 
oxygen, made exact experiments on breathing. He showed 
that carbon dioxide and water are the products of re- 
spiration. From this he concluded correctly that res])iration 
must be an oxidation, and that the heat of the body is 
liberated by this oxidation. Lavoisier perished by the 
guillotine in the French Revolution. 

In the first half of last century the famous chemist 
Liebig greatly advanced biology. He was a Professor of 
Chemistry in Germany. He classified the foodstuffs of 
animals into proteins, carbohydrates, and fats (p. 4). 

For some time before this, plant physiology had been 
advancing, and it was now known that green plants absorb 
carbon dioxide from the atmosphere. Liebig taught what 
are called the carbon and nitrogen cycles (p. 83). He 
explained how plants feed on carbon dioxide through their 
leaves and on nitrates taken into their roots, and how these 
substances are returned to atmosphere and soil in putre- 
faction. But it was not yet known that bacteria are con- 
cerned in putrefaction. 

One of the biggest advances at that time was due to a 
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colleague of Liebig, who made (synthesized) urea (p. 2S) in 
the laboratory. This was the first time that any chemical 
comj>ound found only in living organisms had been made in 
the laboratory. It proved that there is nothing peculiar or 
mysterious in the power of protoplasjn to build up special 
chemical comyjounds. Since then very many of the carbon 
com])()unds of animals and plants have been made in the 
laboratory. 

Perha])s the greatest of the physiologists of last century 
was Claude Bernard of Paris. He studied and explained the 
eonipli(‘afed processes of digestion in the different jwts of 
the alimc'utary canal. He found out how the blood su}))dy 
to different ])a]'ts of the body is regulated by reilex contrac- 
tions of blood vessels (p. U08). All his work led him to 
regard the body as a most complex machine, each part 
dc})ending on the activities of other parts, and the whole 
exactly regulated and controlled through nerves and blood. 
The work of Claude Bernard had a very great influence on 
those who came after him. 

Tjir cell. You will have realized early in your studies 
that the idea of the cell is immensely important in under- 
standing the structure of living matter. Obviously nothing 
could have been known of cells until the mic!rosco})e was 
invented in the seventeenth century. The earlier workers 
with the microscope, such as Maljnghi, saw and drew cells. 
Robert Hooke gave* the name to the cell. Jhit it was not 
until 1839 that Schrvann in Germany first realized that all 
animals and ])lants are composed of cells (]). 52). This was 
one of the milestones in the history of biology. 

Schwann’s work led to what was called the Cell Theory. 
This is no longer a theory but a fact. All jdants and animals 
are made up of cells, and of their products such as cell walls, 
bone, and other secretions. The cell is composed of proto- 
plasm, including the nucleus. Cells only arise by the 
division of pre-existing cells. x\nd some animals and plants 
consist of one cell only. 
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Botany. Great progress was made in botany in the nine- 
teenth century. On the one hand, alternation of generations 
came to be understood, and thus the relationship of the 
flowering plants to the lower plants was grasped. On the 
other hand, great strides w^ere made in the subject of 
plant nvtrition. You have seen how Liebig contributed to 
this. 

Already in the eighteenth century it had been discovered 
that most plants absorb carbon dioxide and give off 
oxygen. Then it was found that only the green parts of 
plants absorb the carbon dioxide. Further progress, in the 
second half of last century, was largely due to the Gennan 
botanist Sachs.^ He showed that chlorophyll is contained 
in chloroplasts (p. 68). He proved that light is essential to 
the activity of chloroplasts in absorbing carbon dioxide. 
Then he demonstrated that starch apj^ears in the ehloro- 
plasts when carbon dioxide is taken in. And, only 40 years 
ago, Sachs proved that the gas goes in through the stomata. 
He coated parts of leaves with wax, thus shutting the 
stomata, and found that, in sunlight, starch only appears in 
the uncoated parts. 

Evolution. Schwann’s work on the cell, published in 
1 869, was of immense importance. An equally momentous 
event happened in 1859. In that year Charles Darwin 
(Fig. 151) published the Origin of Species, From then on- 
wards evolution became the main idea running through 
biology. The conception of evolution has not only dominated 
biology but it has altered man’s whole outlook on life. 
Darwin was the greatest biologist since Aristotle. 

At the age of 23 Darwin embarked as naturalist on the 
Beagle. The voyage lasted five years, its object being a 
survey of South American coasts. Darwin was immensely 
impressed by the faunas of islands which were visited. He 
began to see that the peculiar species of animals and plants 

1 Pronounced Zachs, with the a as in father and the ch as in tJie 
Scottish loch. 
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on the islands must be related by descent with other species 
on the mainland. And he found fossil animals resembling, 
but yet different from, living animals. All this started his 
train of thought which resulted in the revolutionary Theory 
of Evolution by Natural Selection. 

From the time the Origin of Species appeared in print 
until the close of last century zoologists were mainly con- 
cerned with studying the anatomy of animals and the 
development of their embryos, from the point of view 
of evolution. More and more evidence of descent was 
accumulated, and as far as f>ossible family trees were drawn 
up. Among numerous eminent biologists of this period two 
names will be mentioned. 

Thomas Henry Huxley (p. 9) was not only a great 
original investigator, making contributions to our know- 
ledge of many groups of animals, but he also fought 
Darwin’s battles for him, in lectures and in books. For, 
both inside and outside biological circles, the idea of 
evolution had to struggle against great opposition and 
I)rcjudice, and Darwin himself was a retiring man. 

The second name we shall mention is that of Ray 
Lankester, who died only in 1929. Lankester was pro- 
fessor in London and in Oxford, and was head of the 
Natural History Museum, He made many important 
discoveries in all branches of zoology. When only 17 years 
old he published the first complete description of the 
anatomy of the earthworm. Lankester had an impetuous 
temperament, but he always tried to share his knowledge 
with others and to inspire them with his own enthusiasm 
for biology.^ 

Bacteria and immunity. Schwann and Darwin have 
been spoken of as two men who had an enormous influence 
on biology in the last century. One launched the Cell 
Theory, the other the Theory of Evolution. There is a third 

^ I recornmend you to read Lankester’s book entitled Extinct 
Animals* 
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very outstanding figure. This is Louis Pasteur, To him 
is due the discovery of the part played by bacteria in 
disease and of the facts of immunity. This means that he 
was the founder of modern medicine. 

It may interest some of you to know that on leaving 
school Pasteur was marked “mediocre in science” on what 
corresponds to our Higher Certificate, and that Darwin left 
Cambridge with a Pass Degree. 

Early in his career Pasteur attacked the problem of 
ferrtu*ritation, Schwann had already shown that living 
yeast cells are necessary for sugar to be fermented to 
alcohol. Pasteur showed that yeasts on the skins of ripe 
grapes are responsible for the grape juice turning to wine 
(p. 79). Further, he proved that the wrong kinds of 
yeast cause bad wines to be produced. This led him on to 
the immensely important discovery that putrefaction of 
dead animals or plants is a fermentation caused by 
bacteria. You will remember that Liebig had not realized 
this. 

Putrefaction, according to Pasteur, must be due to 
bacteria both carried by the air to dead bodies and present 
in their intestines. But up till that time' it had generally 
been believed that micros(;opic organisms arose by spon- 
taneous generation, Bacteria were supposed to be ])roduced 
anew by decaying matter. Pasteur disproved this by the 
cx})ermient described on p. 84. Boiled soup remains sterile 
for ever if shut off from the air. 

Next Pasteur was called in by the French Government to 
investigate a disease of silkworms which, in the ’sixties of 
last century, threatened to ruin the silk industry. He 
showed that the disease was due to bacteria. The same was 
found to be true of a certain cattle disease (anthrax). 
Bacteria were present in the blood of the sick animals. 
Meanwhile a method was devised of growing the bacteria 
in blood serum ^ outside the body of the infected animal. 

1 Scrum is the liquid remaining after blood plasma (p. 22) has 
formed a clot (p. 24). 
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These bacteria, inoculated into a healthy animal, then 
brought on the disease. This led to a knowledge of how 
infection occurs in nature (p. 85). Lord Lister at once 
appreciated the importance of Pasteur’s discoveries and 
introduced antiseptics (carbolic acid) into surgery. 

It was known already that a person is immune to measles 
after recovering from the disease. It was known also that 
persons can be made immune to small-pox by vaccination, 
that is by giving them a mild attack of a similar disease 
(p. 86). Pasteur showed that if you first heat bacteria 
of the cattle disease (anthrax) and then inoculate these 
bacteria into a healthy animal, the animal becomes 
immune to the disease. That is to say that if, later on, the 
animal is inoculated with enough bacteria (not previously 
lieatcd) to kill an untreated animal, it shows no signs of 
disease. Thus arose the whole modern medical practice of 
bringing about immunity artificially by inoculation. 

Modern biology. Pasteur’s discoveries were made in 
the second half of last century. They were, as you know, 
among the most momentous events in the history of biology. 
In the middle of last century Darwin published the Origin 
of Species, an equally revolutionary happening. 

From the time that Darwin’s book appeared until the 
end of the century zoologists and botanists made many 
additions to our knowledge of anatomy and of develop- 
ment. Researches, such as those of Huxley and Lankester, 
were carried out with the ideas of evolution in mind. The 
results were used to show the degrees of relationship 
between different animals or plants. The new facts were 
fitted into schemes of descent from extinct ancestors. 

By the end of the nineteenth century many of the most 
important facts of anatomy had been discovered and 
studied. To-day the main research activity is in the direc- 
tion of physiology. We are finding out more and more how 
the living body works and how it grows. The physical and 
chemical nature of protoplasm is being explored. The 
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relationship of living organisms to the world around them, 
the nature of the mind of animals, and the processes of 
heredity, are being investigated. At the same time re- 
search in biology is intimately connected with human 
affairs. Biological discoveries are continually being applied 
to advance medicine, public health, and agriculture. 

Pope said that “the proper study of mankind is man”. 
But we cannot understand the nature of man without a 
study of animals and plants as well. It is clear from all that 
has been said in this book that a knowledge of the main 
facts of biology is an essential part of the culture of every 
educated man and woman. 


THE END 
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GREEK AND LATIN DERIVATIONS 
OF WORDS 

Abdomen: abdo^ I hide. 

Alga: algUi seaweed. 

Amoeba : d/xotjQr/, change. 

Amphibian : on both sides ; life. 

Anatomy: dvarc/xvw, I cut up. 

Antenna: antenna, yard (in ship’s rigging). 

Anther; avOos, flower. 

Aorta; deipw, I carry. 

Arthropod : apOpov, joint ; ttov?, foot. 

Auricle : auricula, little ear. 

Bacterium : ^aKTriptov, small stick. 

Biceps : bis, twice ; caput, head. 

Biology : life ; Xdyos, science. 

Capillary : capillus, hair. 

Carpel ; Kapwo^, fruit. 

Cartilage : cartilago, gristle. 

Chitin : membrane. 

Chlamydomonas i xA-a/xvs, cloak; povd^, unit. 

Chlorophyll: green; c^vXXov, leaf. 

Chloroplast: xXwpd?, green; vkaaro^:, formed. 

Chrysalis: '^(pvaof;, gold. 

Cilium: cUium, eyelash. 

Crustacean : crusta, shell. 

Diaphragm: Std, across; <l>pd<Ta-{i}, I separate. 

Dinosaur: Scivds, terrible; iravpo^, lizard. 

Enzyme: ev, in; ^vpi], leaven. 

Fibula; fibula, brooch. 

Fungus ; fungus, mushroom. 

Gamete: yapir-qs, spouse. 

Ganglion : ydyykiov, swelling. 

Geology: y^, earth; Xdyos, science. 

Gland : glans, nut. 

Glucose: yXvKv>;, sweet. 
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Glycogen: yXvicvy, sweet; y€wdi 09 I produce. 
Haemoglobin: al/tta, blood; globo, I make into a balL 
Hermaphrodite: 'Ep/Aijs, 'A<l>poSiT7). 

Hormone : opfjLdw, I stir up. 

Ichneumon: lxy€v<t}t I himt. 

Ichthyosaur: fish; cravpo^y lizard. 

Incisor: incido, I cut into. 

Iris : iris, rainbow. 

Labium: labium, lip. 

Larva : larva, ghost- 
Mandible: mando, 1 chew. 

Maxilla: maxilla, jaw. 

Metacarpal : /xcra, beyond ; icapTro?, wrist. 

Metatarsal : perd, beyond ; raperos, sole of foot. 
Molar: molo, I grind. 

Mollusc: mollis, soft. 

Monopodial: povos, single; ttovs, foot. 

Nucleus : nucletis, kernel. 

Octopus: oKTo), eight; ttovs, foot. 

Osmosis: coerpos, impulsion. 

Ovary: ovum, egg. 

Pancreas : Trdv, all ; Kpw, fiesh. 

Paramecium : irapaprjKrfs, elongated. 

Pepsin : TriTmo, I digest. 

Perennial : per, through ; annus, year. 

Peristalsis: TrepLorrdXXoj, I constrict. 

Photosynthesis: light; oi^beans, combination. 

Phylum: <f>vXov, tribe. 

Physiology : living nature ; Xoyos, science. 

Pistil : pistillum, pestle. 

Plankton: TrXayKTos, floating. 

Plumule ; pluma, down feather. 

Pollen : pollen, fine flour dust. 

Protein : Trpwros, first. 

Prothallus: irpd, in front; ^oAAos, frond. 

Protoplasm: irpOtros, first; irKdapa, form. 

Protozoa: Trpwro^, first; ^€>ov, animal. 

Pseudopodium : xl/evSrj^, false ; ttoScov, little foot. 
Pterodactyl: irrcpov, wing; SdxTvXo?, finger. 

Ptyalin: tttvolXov, spittle. 
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Pupa : pupa^ puppet. 

Radicle: radix ^ root. 

Reptile: rcpto^ I crawl. 

Retina: rete, net. 

Rhizome: root. 

Saliva: saliva^ spittle. 

Saprophyte: (raTrpo?, putrefied; ^vtov, plant. 
Sebaceous: sebum y tallow. 

Serum : serumy whey. 

Spirogyra ; (rTrctpo., coil ; yTfpo^y 

Sporangium : crTropdy seed or spore ; dyyctov, vessel. 
Stamen: stamen, the warp. 

Stigma: crTLypu, a spot. 

Stoma: ardpLa, mouth. 

Style: o-tOXo?, pillar. 

Sympodial: criV, together; ttovs, foot. 

Tendon: tcndo, I stretch. 

Thorax: Outpa^, chest. 

Thyroid : 0ifp€O€tS7j>Sy shield -shaped. 

Tibia: tibia, shin. 

Trachea: rough. 

Turgor: iurgo, I swell. 

IHiia: ulna., elbow. 

Vaccination : i^acca, cow. 

Ventricle : vcntriculus, little belly. 

Vertebra: Dertebra, joint. 

Zoology; ^wov, animal; Xdyos, science. 

^vywTovj joined. 
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CLASSIFICATION OP FRUITS 

After the egg cells have been fertilized, the oimles of a flower 
develop into the seeds ^ and the ovary becomes the fruity the 
ovary wall turning into the fruit wall or pericarp (Trcpt, around, 
Ka/>7ro9, fruit). 

Dry Fruits. In these the pericarp is not fleshy. 

(1) Achenes (d, not, to gape). There is one seed in the 

fruit. The pericarp does not split to let the seed fall from the 
plant, but the fruit itself falls to the ground. In the buttercup^ 
where each carpel (Fig. 75, D) becomes an achene, the pericarp 
is leathery, while in the hazel nut and in the acorn, it is woody. 
The ask and elm have winged achenes. In the dandelion the 
sepals remain attached to the achene (Fig. 85, C-E), and in the 
clematis it is the style (Fig. 85, B). The fruit of the burdock 
(Fig. 86, B) is an achene with part of the style converted into 
a hook. 

(2) Capsules are many-seeded fruits, from which the seeds are 
released and scattered while the fruit is still on the plant. In 
the poppy (Fig. 84, D) the seeds escape through a ring of open- 
ings ; in the primrose the top of the capsule divides into teeth 
which curl back in dry air. In most capsules, however, the 
pericarp splits, as, for example, in the violet (Fig. 84, C) and 
foxglove. Pods of the pea family are capsules formed from a single 
carpel ; the pericarp splits along the joined edges and along the 
midrib of the carpel (Fig. 84, A, B). 

(3) Schizocarps ((rxt^ctv, to split) are many-seeded fruits which 
split into fruitlets each containing one seed. The dead-nettle and 
sycamore are examples ; in the latter (Fig. 86, A) each of the two 
fruitlets has a wing. 

Fleshy (succulent) fruits. The pericarp is divided into 
epicarp or skin, mesocarp and endocarp, 

(1) Drupes usually have a fleshy mesocarp, while the endocarp 
forms the stones inside which is the seed or kernel. The cherry 
and plum are familiar examples. In the walnut, almond and 
coconut the epicarp and mesocarp are not usually seen, as they 

836 



APPENDIX II 


are removed before the nuts (endocaq) and seed) are sold. The 
hlackhernf and raspberry are composed of many small drupes 
situated on the enlarged top of the flower stalk (the receptacle). 

(2) Berries have both mesocarp and endocarp fleshy and the 
seeds are scattered in this pulp. Examples are the gooseberry, 
currant, melon, grape, orange and date. The pips are the seeds, 
and in the date it is the stone. The banana is also a berry. 

False fruits. In some plants not only the ovary but also the 
receptacle helps to form the fruit. The result is called a false 
fruit. In the strawberry the receptacle becomes j uicy and achenes 
are arranged over its surface. This may be compared with the 
group of achenes formed by each buttercup flower, in which 
case, however, the receptacle does not become fleshy. In the 
hip of the rose the receptacle forms a cup inside which are the 
achenes. Finally, in the apple and pear the receptacle forms the 
edible part, wliile the ovary becomes the core with the seeds 
(pips) in it. 
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CLASSIFICATION OF ANIMALS 
AND PLANTS 

1. ANIMALS! 

Phylum, Protozoa (TrpojTos, first, Ifiov, animal). Amoeba, Para'- 
mecium, malaria parasite. 

Phylum, CoELENTKiiATA (kolXo?, hollow, cvTcpoi/, inside). Hydra, 
jelly-fishes, anemones, corals. 

Phylum, KciiiNOOERMATA (€;(tvo 5 , hedgehog, 8cpp,a, skin). Star- 
fish, sea-urchin. 

Phylum, Antstelida (annulus, ring). Earthworm, Nereis, Areni- 
cola, leech. 

Phylum, Arturopoda (apOpov, joint, ttov^, foot). 

Class, Crustacea (erMsfa,shell). Cyclops, Calanus,Daphnia, 
barnacle, fresh- water shrimp, sandhoppcr, wood-louse, 
prawn, shrimp, crayfish, lobster, crab. 

C/ass, Arachnid a (apaxvy, spider, shape). Spiders, 

scorjuuns. 

Class, Insecta (insecare, to cut into). Co(ikroach, locust, 
grasshopper, leaf-insect. Flea. Louse. Butterfly, moth. 
Fly, mos(iuito. Ant, bee, wasp, ichneumon. 

Phylum, Moluusca (mollis, soft). Mussel, oyster. Snail, whelk. 
Octopus. 

Phylum, Vertebrata (vertebra, joint). 

Class, Pisces. Fishes. 

Class, Amphibia, Frog, toad, newt. 

Class, Reptilia. Lizard, chameleon, snake, crocodile, 
tortoise, dinosaur, ichthyosaur, pterodactyl. 

Class, Aves. Birds. 

Class, Mammaija. 

Order, Pouched animals. Kangaroo, opossum. 

Order, Insect eaters. Shrew, mole, hedgehog. 

Order, Bats. 

Order, Wliales. Includes the porpoise and dolphin. 

^ Only phyla containing familiar animals are mentioned. 
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Order^ Ungulates (Hoofed animals). Horse, rhinoceros, 
tapir. Pig, hippopotamus, ox, sheep, goat, deer, giraffe, 
camel. Mammotli, elephant. 

Order f Rodents (Gnawers). Rabbit, hare, squirrel, rat, 
mouvse, porcupine, beaver, guinea-pig. 

Order ^ Carni\'ores. Fox, wolf, dog, lion, tiger, cat, bear, 
otter, badger, polecat (ferret), weasel, stoat, skunk. 
Seal. 

Order, Primates. Lemur, monkey, ape, man. 

2. PLANTS 

Phylum, TnALLOPHVTA ((9aAXos, shoot, xI>vt6v, plant). 

Class, Algae. ChUmiydomonas, Spirogyra, diatoms, sea- 
weeds. 

Class, Funcji. Mucor, yeast, mushroom. 

Class, Bacteria. 

Phylum, Bryopiiyta (jSpvov, moss). 

(lass, Liverworts. 

Class, Mosses. 

Phylum, pTERiDOPiiYTA (TTTcpov, feather). Ferns. 

Phylum, Gymnospermae (yvfxvos, naked, cnripfxa, seed). Pine, 
fir. 

Phylum, Angiospermae (dyyciov, vessel). 

Class, Monocotyi.ei>ons.^ 

Lily family. Tulip, hyacinth, onion, rush, Solomon’s 
seal. 

Daffodil Daffodil, narcissus. 

Iris family. Iris, crocus. 

GvvLHfi family. Grass, oats, wheat, barley, rye, maize. 
Palm family. Coconut, sago and date palms. 

Orchid family. Orchid. 

Class, Dicotyledons.’ 

Willow Willow, poplar. 

^ Mouocotyledtuis have a single cotyledon, vascular bundles scat- 
tered in the stein, leaf veins parallel, and flower parts usually in threes 
or multiples of 3. Dicotyledons have two cotyledons, vascular bundles 
in a ring in the stem, leaf veins forming a nctw'ork, and flower parts 
typically in fives or multiples of 5. 

There are many families both of monocotyledons and dicotyledons, 
of which a selection only is given above. 
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DeecYi family. Beech, oak. 

Buttercup family. Buttercup, lesser celandine, marsh 
marigold, clematis. 

Cabbage family. Cabbage, cauliflower, turnip, radish, 
shepherd’s purse, wallflower. 

CMCxxmher family. Cucumber, melon, marrow, loofah. 

Rose family. Rose, apple, plum, cherry, strawberry, 
a|)ricot. 

Pea family. Pea, bean, broom, gorse, clover, vetch, 
lupin, laburnum. 

Primrose family. Primrose, cowslip, pimpernel. 

Dead-nettle family. Dead-nettle, mint, sage, lavender. 

Potato family. Potato, tomato, deadly nightshade, 
bitter-sweet. 

Figwort family. Fig wort, snapdragon, foxglove. 

Daisy family, Daisy, dandelion, sunflower, groundsel, 
burdock, dahlia, chrysanthemum. 
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PERMANENT MICROSCOPICAL 
PREPARATIONS 
1. ANIMALS! 

To be converted into permanent microscopical preparations, 
small animals or portions of larger ones must first he fixed, that 
is, they must be immersed in a solution which not only kills 
but rapidly penetrates the tissues and preserves them with little 
alteration. Then the material may be stained in dyes which 
colour some tissues or parts of cells darker than others, thus 
making them more visible. Finally, the material is brought into 
Canada balsam which makes it transparent and hard. 

(a) W all of the frog’s bladder. Dissect a frog without immersion 
in water. Remove a small piece of the bladder and spread it 
out with needles on a cover-glass until it begins to dry at its 
edges and adhere to the glass. Now fix the tissue by dropping 
the preparation face downwards on 60 per cent, alcohol in a 
watch-glass. After a few minutes transfer by forceps to 30 pci 
cent, alcohol and then to water. Stain by immersion in haema- 
toxylin, which colours the nuclei. (Delalicld’s haematoxylin 
solution is purchased from any laboratory supply house and 
diluted with distilled water to the colour of Burgundy wine). 
At intervals immerse the cover-glass in water and examine the 
staining under the microscope. When complete, wash with tap 
water to turn the stain blue, and immerse in a 1 per cent, 
solution of eosin in water. This stain colours the cytoplasm. 
After staining in eosin, wash in water and transfer successively 
to 30 per cent., 60 per cent., 90 per cent, and absolute alcohol, 
leaving the cover-glass for a few minutes in the first three and 
for ten minutes in the last. The absolute alcohol dehydrates 
the preparation; this removal of water is essential before the 
tissue can subsequently be rendered transparent, or cleared. It 
is necessary to bring the preparation gradually into the absolute 
alcohol, since sudden immersion would distort the tissue. (If the 
staining in haematoxylin has been overdone, the excess can be 
removed by putting the preparation, between the 30 and 
90 per cent, stages, into 60 per cent, alcohol slightly acidified 
! For further information see Practical Zoology by A. M. Marshall 
and C. H. Hurst, 11th ed. (John Murray). 
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with hydrochloric or acetic acid.) After absolute alcohol immerse 
the cover-glass in clove oiU where the tissue will quickly clear, 
or become completely transparent, if it has been well dehy- 
drated. (Instead of clove oil, xylol may be used for clearing. 
From absolute alcohol the cov^er-glass is put into 1 /3 xylol plus 
2/3 absolute alcohol, then into 2/3 xylol plus 1/3 absolute 
alcohol, and finally into pure xylol.) Finally, put the cover-glass 
face downwards on a drop of Canada balsam on a slide, being 
careful to avoid air bubbles. Kept in a warm place, the balsam 
hardens in a few days. The preparation will show smf)Oth 
muscle cells, connective tissue, epithelium, and blood capillaries. 

(h) Section of earthworm. Keep an earthworm in a damp dish 
and feed it on wet blotting paper until its faeces contain no 
earth, F’ix it in formalin (one part commercial formalin to three 
parts water) and leave it in the formalin for a month to harden. 
Cut sections with a razor, and, without staining, dehydrate and 
mount them. 

(c) Small arthropods. Fix small crustaceans (Daphnia^ Cy- 
clops, etc.), and transparent aquatic insects, in alcohol (approxi- 
mately 60 per cent.) or formalin (5 c.c. commercial formalin plus 
3.5 c.c. water). Without staining, take them through the inter- 
mediate strengths of alcohol into absolute alcohol, then clove 
oil or xylol, and mount on a slide in Canada balsam. 

(d) Hard parts. Put the mouth parts of insects, the head of 
a mosquito, the foot of a fly, a whole flea, the scale of a flsh, 
part of a feather, a hair, etc., straight into 90 per cent, alcohol. 
Then dehydrate in absolute alcohol overnight, and mount as 
before. 

(e) Frog's skin. Treat a small piece as in (d). The colour cells 
will iKi seen. 

(/) Blood. Obtain a drop of your blood by pricking at the 
base of a finger nail with a needle sterilized in a flame. Put the 
drop on the right-hand end of a microscope slide. Bring the 
end of another slide down upon the first at an angle. Draw the 
upper slide towards the right until it touches the blood which 
at once flows along the angle. Quickly move the upper slide to 
the left. A thin film is formed. Fix this in 90 per cent, alcohol, 
bring it through 60 per cent, and 30 per cent, alcohol into water, 
stain with haematoxylin and eosin, then dehydrate, clear and 
mount. Both red and white corpuscles will be seen. Repeat 
with frog’s blood to see the nuclei of the red corpuscles. 
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(g) Epithelium. Scrape cells from inside your cheek with the 
back of your nail, smear them on a slide, let the smear partly 
dry, and then treat it as in (/). 

2. PLANTS 

Algae f fungi and parts of livenvorts and mosses can he fixed in 
formalin (5 c.c. commercial product plus 35 c.c. water). Put 
either fixed or Ikying plants into Amnnn\s medium, which is 
made by dissolving the following ingredients in the order 
stated : water, 40 c.<;. ; carbolic acid crystals, 40 grams ; lactic 
acid, 40 c.c. ; glycerine, 80 c.e. Fixed material need only be 
left in Amann's medium for a short time, but fresh material 
must be left in it for two hours to fix. If staining is desired, 
add to the medium 1 per cent, of cotton bluei the plants are 
slowly stained with this dye. Next mount on a slide in glycerine 
jelly. Melt the jelly in a water bath, transfer a drop to a slide, 
put the material in the drop with a needle, and invert the slide 
over a cover-glass. 

Sections of the stem, leaves and roots of higher plants should 
be cut with a razor, using either living plants, or material fixed 
in 00 per cent, alcohol. Support leaves and roots between thin 
slices o\ pith or fresh carrot f(»r sectioning, but cut stems without 
support. Keep the razor moist with water, or, for fixed material, 
with alcohol. With a camel hair brush remove the sections from 
the razor into a watch-glass of water or 60 per cent, alcohol. 
Select the thinnest sections, transfer them to Amann’s medium. 
Fresh material must be left for 1-2 days in the medium. If 
fixed material has been sectioned, to every 50 c.c. of Amann\s 
medium add 4 c.c. of a 1 per cen^ solution of cotton blue, and 
2 c.c. of a 1 per cent, solution of magenta. Protoplasm and 
mucilage are at once coloured blue, while cell walls take up 
the stain gradually. Wood and cuticle stain red more slowly 
than protoplasm stains blue, older wood staining less deeply than 
younger. Mount the sections in as described above. 

Instead of glycerine jelly, Canada balsam can be used for 
mounting plant material. From Amann’s fluid the material is 
put into 90 per cent, alcohol until free of Amann's fluid, and 
then absolute alcohol, and taken through the three grades of 
xylol, not through clove oil. 

Glycerine jelly can also be used for mounting small animals 
which have previously been fixed. 
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